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Foreword

This preliminary document defines the Level One GLAS standard data products.
This Standard Data Products Specification is developed under the structure of the
NASA STD-2100-91, a NASA standard defining a four-volume set of documents to
cover an entire software life cycle. Under this standard a section of any volume may,
if necessary, be rolled out to its own separate document. This document is a roll out
of the GLAS ESDIS Software Detailed Design Specification under the Product Specifi-
cation Volume.

The GEOSCIENCE LASER ALTIMETER SYSTEM (GLAS) is a part of the EOS pro-
gram. This laser altimetry mission will be carried on the spacecraft designated EOS
ICESat (Ice, Cloud and Land Elevation Satellite). The GLAS laser is a frequency-dou-
bled, cavity-pumped, solid state Nd:YAG laser.

This document addresses the data flow, interfaces, record and data formats associ-
ated with the GLAS Level 1 standard data products. GLAS Level 1 standard data
products are composed of Level 1A and Level 1B data products. The term “standard
data products” refers to those EOS instrument data products listed in the Earth Sci-
ence Data and Information System (ESDIS) Project data base that are routinely gener-
ated within the EOSDIS Distributed Active Archive Center (DAAC) or Science
Computing Facilities (SCFs). Each data product has a unique Product Identification
code assigned by the EOS Senior Project Scientist.

Level 1A and Level 1B Data Products are composed from those Level 0 data that have
been reformatted or reversibly transformed to corrected and calibrated data in physi-
cal units at the full instrument rate and resolution.

This document was prepared by the Observational Science Branch at NASA GSFC/
WEF, Wallops Island, VA, in support of B. E. Schutz, GLAS Science Team Leader for
the GLAS Investigation. This work was performed under the direction of David W.
Hancock, III, who may be contacted at (757) 824-1238, hancock@osb1.wff.nasa.gov (e-
mail), or (757) 824-1036 (FAX).
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Section 1

Introduction

1.1 Identification of Document

This document is identified as the GLAS Level 1 Standard Data Products Specifica-
tion. The unique document identification number within the GLAS Standard Data
Software documentation numbering scheme is GLAS-DPS-2621. Progressive editions
of this document will be uniquely identified by the cover and page date marks.

1.2 Scope of Document

This document addresses the purpose, usage, and description of the GLAS Level 1
Standard Data Products. The intended audience for this document is the GLAS Sci-
ence and Instrument Teams, the ESDIS Project and related focus teams, the commu-
nity of EOS data users and investigators, and the GLAS Standard Data Software
Development Team. This document does not provide details of the archive and distri-
bution processes at the DAAC.

1.3 Purpose and Objectives of Document

The purpose of the GLAS Level 1 Standard Data Products Specification is to provide
a high-level descriptive document for the data products. This document describes
the purpose, usage, content, and format of the GLAS Level 1 Data Products. It
describes the structure, physical storage, organization, and access characteristics of
the GLAS Level 1 Data Products. The document additionally describes file transfer
methods to support product access, the data flow associated with the data products,
and the data storage and generation characteristics of the data products.

1.4 Document Organization

This document's outline is assembled in a form similar to those presented in the
NASA Software Engineering Program [Information Document 2.3a].

1.5 Document Status and Schedule

This document will be updated and released as required.
1.5.1 Iltems To Be Resolved
1) Headers and labels must be defined.
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Introduction

1.5.2 Document Change History

Document Name: GLAS Standard Data Products Specification - Level 1

Version Number

Date

Nature of Change

Preliminary December 31, 1995 Original Version

Version 1.2 March 1998 Text, Figures, and Tables updated for Level 1
data updates, for the change to GLAS stan-
dard data product generation being per-
formed at the GLAS SCF, and change of the
spacecraft name to ICESAT.

Version 2.0 January 1999 Updates to Data Product Contents

Version 3.0 November 2000 Updated Data Product Contents coincident
with the GLAS Science Algorithm Software
V1 release.
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Section 2

Related Documentation

2.1 Parent Documents

The GLAS Level 1 Standard Data Products Specification is considered a “roll-out”
from the Product Specification as the parent document or volume. Specific topics per-
taining to data descriptions are located in the External Interface section under the
Detailed Design document template.

This document is subordinate to any top-level mission or instrument management
plan documents, and as such, recognizes these documents as external parent docu-
ments in lineage. The recognized external EOSDIS and GLAS parent documents
superior to the GLAS Level 1 Standard Data Products Specification are listed below.

a) NASA Earth Observing System Geoscience Laser Altimeter System GLAS Science
Requirements Document, Version 2.01, October 1997, Center for Space Research,
University of Texas at Austin.

b) GLAS Science Software Management Plan, Version 3.0, August 1998, NASA God-
dard Space Flight Center Wallops Flight Facility, GLAS-SMP-1100.

2.2 Applicable Documents

The following documents are related to, or contain policies or references pertinent to
the contents of the GLAS Level 1 Standard Data Products Specification.

a) Data Production Software, Data Management, and Flight Operations Working
Agreement for GLAS, TBD, NASA Goddard Space Flight Center.

b) Atmospheric Delay Correction to GLAS Laser Altimeter Ranges, Algorithm Theo-
retical Basis Document, Version 0.3, December 1996, Massachusetts Institute of
Technology.

c) Algorithm Theoretical Basis Document for the GLAS Atmospheric Channel Observa-
tions, Version 0 (Preliminary), December 1995, Goddard Space Flight Center.

d) Geoscience Laser Altimeter System: Surface Roughness of Ice Sheets, Algorithm
Theoretical Basis Document, Version 0.3, December 1996, University of Wis-
consin.

e) Determination of Sea Ice Surface Roughness from Laser Altimeter Waveform, Algo-
rithm Theoretical Basis Document, Version 0 (Preliminary), December 1995,
The Ohio State University.

f) Laser Footprint Location and Surface Profiles, Algorithm Theoretical Basis Docu-
ment, Version 0 (Preliminary), December 1996, Center for Space Research, The
University of Texas at Austin.
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g) Precision Orbit Determination (POD), Algorithm Theoretical Basis Document,
Version 0.1, December 1996, Center for Space Research, The University of
Texas at Austin.

h) Precision Attitude Determination (PAD), Algorithm Theoretical Basis Document,
December 1996, Center for Space Research, The University of Texas at Austin.

i) The Algorithm Theoretical Basis Document for Level 1A Processing, November
1999, Version 0, GSFC/Wallops Flight Facility.

j)  GLAS Atmospheric Data Products, Algorithm Theoretical Basis Document, Ver-
sion 4.0, July 2000, Goddard Space Flight Center.

2.3 Information Documents

The following documents are provided as sources of information that provide back-
ground or supplemental information that may clarify or amplify material in the
GLAS Level 1 Standard Data Products Specification.

a) NASA Software Documentation Standard Software Engineering Program, NASA,
NASA-STD-21000-91, July 29, 1991.

b) The Geoscience Laser Altimetry/Ranging System, IEEE Transactions on Geo-
science and Remote Sensing, Vol. GE-25, No. 5, September 1987.

c) EOS Altimetry/GLAS Phase-A Study, NASA Goddard Space Flight Center,
November 1995.

d) Memorandum: GLAS Data Products, Center for Space Research, University of
Texas at Austin, December 23, 1993.

e) GLAS Science Computing Facility (SCF) Plan, NASA Goddard Space Flight Cen-
ter, Wallops Flight Facility, October 1997.
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Section 3

Purpose and Description of the Data Products

3.1 Purpose of the Data Products

The purpose of the GLAS Level 1 Standard Data Products is to provide the initial
reduced GLAS instrument data to the GLAS Science Team and to provide input to
the Level 2 data product generation. The GLAS Level 1 Data Products are monitored
for data quality and instrument performance. The GLAS Level 1 Data Products are
available to the EOS data user community for analysis purposes from the EOSDIS
DAAC product storage facility.

3.2 Description of the Data Products

Table 3-1 identifies the Level 1 Data Products. The data products are integer-binary
format files containing fixed-length records of data with the exception of the GPS
data in the GLA04 product. The GPS data is stored in ASCII format. Each data record
consists of several data elements. An element is either an Item or an Array of Items.
The elements are measurements and associated correction values obtained from spe-
cific GLAS science algorithm sets. The data products will be formatted in scaled inte-
ger binary format with both attached and unattached metadata containing
identification, processing history, and data descriptive information.

Table 3-1 GLAS Level 1 Standard Data Products

Proc_it_;ct I.D Product Name Product
(Identification) Level
GLAO1 Altimetry Data File 1A
GLAO02 Atmosphere Data File 1A
GLAO3 Engineering Data File 1A
GLAO4 SRS and GPS Data File 1A
GLAO5 Waveform-based Elevation Corrections File 1B
GLAO6 Elevation File 1B
GLAO7 Backscatter File 1B

n/a - Not applicable

Figure 3-1 illustrates the source Level 0 data being processed to generate the Level 1
Data Products on the I-SIPS (ICESAT Science Investigator-led Processing System).
The GLAS science data processing software transforms the instrument data into the
appropriate time-ordered, along-track 1064 nanometer and 532 nanometer Level 1A
and Level 1B data parameters and elements. Additional Level 1A science processing
algorithms retrieve the GPS receiver data and stellar reference system data and
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include in the Level 1A product file records. Instrument engineering monitor data
along with derived calibration data items are recorded. The Level 1 Data Products are
recorded with sufficient detail so as to allow the recovery of the original input ele-
ments. In support of the GLAS Science Team, the GLAS Operations Team performs
quality assurance at the I-SIPS and returns data quality and descriptive metadata to
EOSDIS for incorporation in the EOS data base system.

The specific details of the data product structure, content, format, and data element
details will be presented in Section 6. Data sizing, storage burden, and physical
media details are provided in Section 5.

ICESAT/GLAS
R I?aser aPs DCtrusta(Ij III))?namitt:_s
Laser Star eference < ata and Information
LIDAR | lifmeter | Cameras | System | Receiver | GYRO System
[ I [ I GPS LASER
Laser Star Laser GPS Tracking | | Tracking U. of T_exas NOAA
LIDAR  Affimeter Camera _Reference Receiver ~ GYRO Archive | | Archive Polar Motion and| [ Magnetic and
Data Data Data  System Data Data Data T I Earth Rotation Solar Flux
* [ I
) i Magnetic
A Trackin Polar Motion
EOS Data and Operations System 8k Bata pand Eartn AR
GLAS Level 0 Data Collection /
Product Generation
Y 4

GLAS Level 0 J Precision Orbit Determination /
Data

UT Center for Space Research

GLAS L%vel 1A

GPS ard SRS
—GLA%aI]‘;VEI 0 Data Igroduct
PrecisionOrbit
| GLAS Level 0 Data Archival GLAS Level 0
Data Precision Attitude
Data
Vet ogical - Ancillary Data
eteorological - Ancilliary Data
Archival / D¥stribution
Meteorological Data
' GLAS Level 1 Data i :
1 Product Processing GLAS Level 1 y A | v X
' GL,}\_\S hev?|/1DD?t% F;_roduct @ Data Products GLAS Level 1 Daté;1 I’I:’roducts Generation .
rchival / Distribution )

: 4}_GIT\/AAeStaLdea\gl 1 Quality Assurance :
' [ '

'
! Level 1 1
! Data Products .

GLAS Level 2
GLAS Level 2 Data Products Data Products ——| GLAS Level 2 Data Products Generation
ronivalFoisiribution GLAS Level2 _| | Quality?‘{lsdsurance
Metadata
NSIDC Distributed Active Archive Center I-SIPS

Figure 3-1 Level 1 Data Products Within the Processing Hierarchy
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Section 4

Environment

4.1 Hardware Characteristics and Limitations

The required input to the software that creates the Level 1 Data Products is the GLAS
Level 0 instrument and spacecraft telemetry data. The Level 0 data is available from
EDOS in Production or Expedited Data Sets. The GLAS Level 1A and Level 1B Stan-
dard Data Products will be generated on the I-SIPS.

The I-SIPS consists of distributed UNIX operating system-based computers operating
under the standard UNIX environment that support the GLAS Science Team opera-
tions including the standard data product generation and quality assurance monitor-
ing. The GLAS Level 1A and Level 1B Data Products and their metadata (including
QA data) are archived at the DAAC. The Level 1A and Level 1B associated data
description and support information are included in the EOSDIS data base to facili-
tate EOS client inquiry and retrieval activities. The distribution management function
of the DAAC allows clients to perform direct search and access of the Level 1A and
Level 1B data or to request preparation of Level 1 Data Products.

4.2 Data Products Medium and Characteristics

The Level 1 Data Products will be delivered to the DAAC and archived under the
Earth Sciences data collection within the DAAC’s data storage and archival sub-
system. The storage system will contain not only the Level 1 Data Products, but will
also contain data descriptions and data advertisements (i.e., textual descriptive and
abstract information, also called metadata).

The Earth Science data are implemented in the current-EOSDIS system through a
hierarchical storage manager interface. Physical media supported by the storage sys-
tem interface will include the disk storage subsystems, magnetic or optical media
subsystems, and tiered archive robotics storage subsystems. EOSDIS clients can
directly access the GLAS Level 1A and Level 1B data from the DAAC and can copy
the data products to their host processors.

The Level 1 Data Products will be available to the GLAS Science Team through the
ICESat SCF. See Information Document 2.3e for a detailed description of the ICESat
SCE.

4.3 Protocol and Conventions

Protocols and conventions specific to the GLAS SCF will be developed by the GLAS
Science Team and documented in the SCF Plan [Information Document 2.3e]. When
interfacing to the DAAC, the I-SIPS will comply with procedures, conventions, and
protocols as defined by the EOSDIS.
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Data definition terminology specific to the GLAS Level 1 Data Products is presented
in the Glossary at the end of this document. Figure 4-1 “Data Representation” depicts
a schematic of the standard data representations used in the GLAS Level 1 Data Prod-
ucts. These data structures will be used in the Section 6.0 generic data description
and in the Appendix C detailed data description of the GLAS Level 1 Data Products.

Data Types, Sizes, and Representations

Conventions:  byte 0 is the most significant byte (MSB)
bit 0 is the least significant bit (Isb)

S = the sign bit
byte: 0
char minimum value = 0
| HEEEEN | maximum value = 255
bitt 76 543210
byte: 0 1 H
Y short mteger minimum value = -32768
|S| [ 1] ] ] | [ 1] maximum value = 32767
bit: 1514131211109 8 76 5 4 32 1 0
long integer
byte: 0 1 2 3
S
AR RENNREEEN SRRRRERA ARRNNRE
bit: 3130 2928272625 242322 2120191817161514131211109 8 76 54 3 2 1 0
minimum value = -2147483648
maximum value = 2147483647

Figure 4-1 Data Representation

4.4 Failure Protection, Detection, and Recovery Features

The team supporting operations at the I-SIPS will be responsible for failure protec-
tion, detection, and recovery of the GLAS Level 1A and Level 1B Data Products
stored on the I-SIPS. Initial GLAS Level 1A and Level 1B Data Products error detec-
tion is performed during product generation as part of the product and processing
quality assurance activity. The GLAS Level 1A and Level 1B Data Products will be
“backed up” under the routine operational functions performed at the I-SIPS. In the
event of failure or error detection in the active working or archive storage, recovery
would be performed from backup media or from the EOSDIS DAAC archive.

The EOSDIS will be responsible for failure protection, detection, and recovery of the
GLAS Level 1A and Level 1B Data Products archived at the DAAC.
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Section 5

Data Flow Characteristics

5.1 Volume, Size, and Frequency Estimates

The expected daily data storage burdens for the GLAS Level 1A and Level 1B Stan-
dard Data Products are listed in Table 5-1 “GLAS Level 1 Data Product Daily Storage
Burden”. This estimate is based on the following EOS ICESat operational assump-
tions. The spacecraft will orbit the Earth at an inclination of 94 degrees and a nominal
altitude of 600 kilometers in a circular orbit. The orbit (groundtrack) repeat cycle is
one-half year based on a frozen orbit. The EOS ICESat orbit period will be approxi-
mately 100 minutes.

Table 5-1 GLAS Level 1 Data Product Daily Storage Burden

Product ID Volume (MBytes per Day)

GLAO1 2236.399
GLAO2 2475.274
GLAO3 82.128

GLAO4 2410.085
GLAO5 819.428
GLAO6 446.170
GLAO7 5508.626

n/a - Not applicable

5.2 DataTransfer and Transmission

The GLAS Data Products and associated descriptive metadata will be delivered to
the EOSDIS DAAC archival facility through the EOS Science Network access
arrangement or off-line via storage media. The GLAS Level 1A and Level 1B Data
Products delivered to the DAAC processing subsystem will be designated for fail-
safe functions. The GLAS Science Team will have access to the GLAS Level 1 Data
Products through the GLAS SCF using TCP/IP and standard UNIX command opera-
tions.

Data access procedures to retrieve the GLAS Level 1A and Level 1B Standard Data
Products from the EOSDIS DAAC will be provided by the EOSDIS DAAC.
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5.3 Timing and Sequencing Characteristics

The GLAS Level 1A and Level 1B Standard Data Products are generated as product
files consisting of processed Level 0 data. The basic aggregation of the GLAS Level 1
Data Products is the descriptive information in the header records and GLAS Data
Elements in the data records. Records consists of one-second of reduced GLAS instru-
ment, GPS receiver and stellar reference system data, and location data. The excep-
tion is the Engineering Data File (GLAO03) with records that span 16 seconds. The data
parameters and elements contained within the records are groups of forty hertz, five
hertz, and one hertz rate data.

All data records within the GLAS Level 1 Data Product files will be in ascending time
order based on the first pulse time tag or the first sample time tag. All parameters and
elements contained within the records are synchronous at either forty hertz, five
hertz, or one hertz. The GLAS instrument and the EOS ICESat spacecraft are
expected to operate continuously for at least three years with a goal of five years.

5.4 Recipients and Utilization

The GLAS Science Team and the EOSDIS DAAC are the initial recipients of the Level
1 Data Products. At the I-SIPS, the Level 1 Data Products will be used to generate the
Level 1 metadata and the Level 2 Data Products. The metadata (delivered to the EOS-
DIS DAAC) will include data quality evaluation and statistical reporting on the
GLAS Level 1 Data Products to quantify and qualify the products for EOS commu-
nity usage. The GLAS Science Team will use the Level 1 Data Products for research
and analysis.

The subsequent audience for the GLAS Level 1 Data Products is the scientific, gov-
ernmental, and educational community sectors who will obtain the products from
the EOSDIS DAAC.

5.5 Access

The GLAS Level 1 Data Products will be available to the GLAS Science Team from the
GLAS SCE. Access to the GLAS SCF is controlled by the GLAS Science Team.

While EOS is intended to be a globally available and utilized mission program, access
to the data is still operated under a security and integrity program to protect the data
and data system resources from unauthorized or destructive use. Procedures for data
access are defined by the EOSDIS DAAC.
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Section 6

Data Product Definitions

6.1 Data Product Structure

The GLAS Level 1 Data Products will be generated as scaled integer binary files. Each
file will contain appropriate header, labelling, and metadata information and a collec-
tion of one-second records of GLAS instrument, sensor, and time data. Exceptions are
the GLAO3 product which contains 16-second records and the GLA04 product which
contains ASCII GPS data.

6.2 Labeling and Identification

Each of the GLAS Level 1 Data Products is uniquely identified by a GLAS standard
file name. The form of this file name is

GLAxx_mmm _pr_ccc_tttt_s _nn_ff.dat

Specific elements within the data product file name are described in Table 6-1.

Table 6-1 GLAS File Naming Keys

Key Description

XX Type ID number (CCB assigned number within a specific HHH)

p repeat ground track phase

r reference orbit number

cce cycle of reference orbit for this phase

tttt track within reference orbit

S segment of orbit

nn granule version number (the number of times this granule is created for a specific
release)

ff file type (numerical, CCB assigned for multiple files as needed for data of same time
period for a specific data product,.i.e. multi-file granule)

The structure and contents of the GLAS Level 1 Data Product headers and labels are
contained in Appendix A, GLAS Level 1 Data Product -- Standard Label -- Contents
and Description, TBD. The following information may be included in the standard
product label.

e Instrument Name
e Product Creation Time
e Generating Algorithm Name

* Generating Algorithm Identification
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e EOS ICESat Orbit Number

e EOS ICESat Pass Number

¢ Equator Crossing Time

e Equator Crossing Longitude

e First Data Point Time (First Laser Pulse or Sample Time)

e Last Data Point Time (Last Laser Pulse or Sample Time)

6.3 Data Product Substructure Descriptions

The data product labels and headers are an aggregate of [TBD] records of string infor-
mation (TBD bytes in length) describing the GLAS Level 1 Data Products. Appendix
A, TBD, provides the format of the standard label and headers, including the key-
word /value field contents.

The specific record format of the data portion of the GLAS Level 1 Data Products is
provided in Appendix B, GLAS Level 1 Data Products. Table 6-2 is provided as a road
map for the formats presented in Appendix B.

Table 6-2 GLAS Product Format Terms and Explanations

Data Detail Field Explanation

Element Name the GLAS Data Element name, describes the unique GLAS item,
items, or array

Elements/Rec the number of times the GLAS Data Element is repeated in the
record expressed as rate, per second (e.g., 5 for five elements per
second)

Bytes/ltem the size of each data item (value) contained in the GLAS Data Ele-
ment, expressed in bytes

Items/Element the number of data items (values) or arrays of values contained in
the record for the GLAS Data Element (e.g., 2 for two items per ele-
ment)

Bytes/Rec the total number of bytes per second of the data item.

Start Byte starting byte number of the data item with the product record.

Stop Byte ending byte number of the data item with the product record.

6.4 Detailed Data Descriptions

The detailed information describing the data elements in the GLAS Level 1 Data
Products is provided as a data dictionary in Appendix C, GLAS Level 1 Data Prod-
ucts -- Detailed Data Contents and Description. Table 6-3 is provided as a road map
for the data descriptions presented in Appendix C.
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Table 6-3 GLAS Product Description Terms and Explanations

Data Detail Field Explanation
Element Name the GLAS Data Element name, describes the unique GLAS item,
items, or array .
Product Variable Name the variable name used in coding the product element.
Units the physical or temporal units in which the data are stored.
Scale Factor scale factor used to convert from stored product units to scientifi-

cally usable algorithm units (product = algorithm * scale).

Description text description of the element.
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Appendix B
Level 1 Data Product Formats

B.1 Record Formats

B.1.1 Guidelines

The GLAS Data Product record formats were developed under the following guide-
lines:

1) Record size a multiple of 8.

2) Start elements on a 4 byte boundary; where not possible use pads or group
smaller elements together to get to 4 byte boundary. Pad and move ele-
ments so that arrays start on 4 byte boundaries.

3) The output structures to build files should be grouped in descending size
order, therefore group elements on file logically and in descending size
order.

4) Data that occurs occasionally in the file should be put in the header. Specifi-
cally, data that are changing at a much lower rate than the record rate on the
files, will be put in the header. These elements will not be shown in the
record format.

5) Add spares.
B.1.2 GLAO1

Fixed length, variable format records. For each second of data there is a header record
and a varying number of waveform records. The number of waveform records
depends on whether the telemetry data was sampled over ocean (2) or land (5). The
header record contains all altimetry waveform information except the waveform and
indicates whether the following records are ocean (short) or land (long) waveforms;
the following records contain long or short waveform data until complete. While the
waveform will always occur at 40 per second, the on-board flight software deter-
mines the number of samples from the on-board surface type. For land surfaces 544
samples are collected; for ocean surfaces 200 samples are collected. The record for-
mats are contained in the following tables.
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Table B-1 GLAO1 Header Record

Element Name Elem/ | Bytes/ | ltems/ | Bytes/ Start Stop
Rec Item Elem Rec Byte Byte

Altimetry Record Index 1 4 1 4 0 3
Time of First Shot - Seconds 1 4 2 8 4 11
GLAO1 Record Type 1 2 1 2 12 13
Spares 1 2 1 2 14 15
Delta Shot Times 39 4 1 156 0 155
Predicted Profile Coordinates, Lati- 40 4 1 160 156 315
tude
Predicted Profile Coordinates, Longi- | 40 4 1 160 316 475
tude
Spacecraft Height 40 4 1 160 476 635
AD Gain Setting 40 4 1 160 636 795
Filter Number 40 4 1 160 796 955
Ending Time of Range Response 40 4 1 160 956 1115
Last Threshold Crossing Time 40 4 1 160 1116 1275
Next to Last Threshold Crossing 40 4 1 160 1276 1435
Echo Peak Location 40 4 1 160 1436 1595
Echo Peak Value 40 4 1 160 1596 1755
Filter Weight Factors 40 4 1 160 1756 1915
Selected Filter Threshold Value 40 4 1 160 1916 2075
Time of Transmit Pulse Waveform 40 4 1 160 2076 2235
Peak
Starting address Transmit Pulse 40 4 1 160 2236 2395
Waveform
Transmit Waveform Peak Status Flag | 40 4 1 160 2396 2555
1064 nm Laser Transmit Energy 40 4 1 160 2556 2715
Range Window Status Word 40 4 1 160 2716 2875
Spares 1 1 32 32 2876 2907
Waveform Compression Parameters 1 2 2 4 2908 2911
Shot Counter 40 2 1 80 2912 2991
Compression Ratios 1 2 2 4 2992 2995
DEM Grid Number 1 2 1 2 2996 2997
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Table B-1 GLAO1 Header Record (Continued)

Element Name Elem/ | Bytes/ | ltems/ | Bytes/ Start Stop
Rec Item Elem Rec Byte Byte
Spares 1 1 30 30 2998 3027
Global DEM Bias 1 1 2 2 3028 3029
DEM Flag 1 1 1 1 3030 3030
Filter Numbers Mask 1 1 1 1 3031 3031
Spares 1 1 16 16 3032 3047
Altimeter Digitizer Bias 1 1 2 2 3048 3049
Range Window Start and Stop 1 1 2 2 3050 3051
Sampled Transmit Pulse Waveform 40 1 32 1280 3052 4331
Spares 1 1 244 244 4332 4575
Delta Shot Times 39 4 1 156 0 155
Predicted Profile Coordinates, Lati- 40 4 1 160 156 315
tude
Predicted Profile Coordinates, Longi- | 40 4 1 160 316 475
tude
Spacecraft Height 40 4 1 160 476 635
AD Gain Setting 40 4 1 160 636 795
Filter Number 40 4 1 160 796 955
Ending Time of Range Response 40 4 1 160 956 1115
Last Threshold Crossing Time 40 4 1 160 1116 1275
Next to Last Threshold Crossing 40 4 1 160 1276 1435
Echo Peak Location 40 4 1 160 1436 1595
Echo Peak Value 40 4 1 160 1596 1755
Filter Weight Factors 40 4 1 160 1756 1915
Selected Filter Threshold Value 40 4 1 160 1916 2075
Time of Transmit Pulse Waveform 40 4 1 160 2076 2235
Peak
Starting address Transmit Pulse 40 4 1 160 2236 2395
Waveform
Transmit Waveform Peak Status Flag | 40 4 1 160 2396 2555
1064 nm Laser Transmit Energy 40 4 1 160 2556 2715
Range Window Status Word 40 4 1 160 2716 2875
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Table B-1 GLAO1 Header Record (Continued)

Element Name Elem/ | Bytes/ | ltems/ | Bytes/ Start Stop
Rec Item Elem Rec Byte Byte
Spares 1 1 32 32 2876 2907
Waveform Compression Parameters 1 2 2 4 2908 2911
Shot Counter 40 2 1 80 2912 2991
Table B-2 GLAO1 Waveform Long Record

o | Byee | lme/ | Bytow | Srt | St
Altimetry Record Index 1 4 1 4 0 3
Time of First Shot - Seconds 1 4 2 8 4 11
GLAO1 Record Type 1 2 1 2 12 13
Spares 1 2 1 2 14 15
Background Mean Value 8 2 6 96 0 95
Background Standard Deviation 8 2 6 96 96 191
1064 nm Range Waveform 8 1 544 4352 192 4543
Spares 1 4 8 32 4544 4575

Table B-3 GLAO01 Waveform Short Record

e | Byes/ | Noma! | Bytew | St | St
Altimetry Record Index 1 4 1 4 0 3
Time of First Shot - Seconds 1 4 2 8 4 11
GLAO1 Record Type 1 2 1 2 12 13
Spares 1 2 1 2 14 15
Background Mean Value 20 2 6 240 0 239
Background Standard Deviation 20 2 6 240 240 479
1064 nm Range Waveform 20 1 200 4000 480 4479
Spares 1 4 24 96 4480 4575
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B.1.3 GLAO02

Records are fixed length and format and occur once per second. Table B-4 contains

the record format.

Table B-4 GLAO02 Record Format

Element Name Elem/ | Bytes/ | ltems/ | Bytes/ | Start Stop
Rec Iltem Elem Rec Byte Byte
Atmosphere Record Index 1 4 1 4 0 3
Time of First Sample - Seconds 1 4 2 8 4 11
Predicted Profile Coordinates, Lati- 1 4 1 4 12 15
tude
Predicted Profile Coordinates, Longi- | 1 4 1 4 16 19
tude
Spares 1 1 16 16 20 35
Location of Last Peak 40 2 1 80 36 115
Etalon Filter Temperature 1 2 1 2 116 117
Etalon Filter Feedback Monitor 1 2 1 2 118 119
Etalon Filter Heater Drive Control 1 2 1 2 120 121
Point
DEM Grid Number 1 2 1 2 122 123
DEM Flag 1 1 1 1 124 124
532 nm LIDAR Use Flag 1 1 5 5 125 129
532 nm LIDAR Data Quality Flag 1 1 10 10 134 143
Spares 1 1 4 4 130 133
532 nm LIDAR Data from 10 KMto -1 | 40 4 148 23680 | 144 23823
KM
532 nm LIDAR Datafrom20 KMto 10 | 5 4 132 2640 23824 | 26463
KM
532 nm LIDAR Data from 40 KMto 20 | 1 4 268 1072 26464 | 27535
KM
532 nm Saturation Flag for 10 to -1 1 1 740 740 27536 | 28275
KM Segment
532 nm Saturation Flag for 20 to 10 1 1 84 84 28276 | 28359
KM Segment
532 nm Saturation Flag for 40 to 20 1 1 36 36 28360 | 28395
KM Segment
532 nm Laser Transmit Energy 40 4 1 160 28396 | 28555
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Table B-4 GLAO02 Record Format (Continued)

Element Name Elem/ | Bytes/ | ltems/ | Bytes/ | Start Stop
Rec Item Elem Rec Byte Byte

532 nm Laser Transmit Energy 5 4 1 20 28556 | 28575
532 nm Laser Transmit Energy 1 4 1 4 28576 | 28579
532 nm Integrated Return, 40 to 20 1 4 1 4 28580 | 28583
KM
Start Range of Backscatter Profile 1 4 1 4 28584 | 28587
Range from S/C to Return bin 40 4 1 160 28588 | 28747
Spares 1 1 16 16 28748 | 28763
Surface elevation - peak of return 40 2 1 80 28764 | 28843
Surface elevation - threshold of return | 40 2 1 80 28844 | 28923
532 nm Background at 40 Hz 40 4 3 480 28924 | 29403
532 nm Background at 5 Hz 5 4 3 60 29404 | 29463
532 nm Background at 1 Hz 1 4 3 12 29464 | 29475
532 nm Predicted Cloud Top Height 5 2 1 10 29476 | 29485
532 nm LIDAR Data Shot Counter 1 2 1 2 29486 | 29487
SPCM Background 2 and LIDAR 1 2 2 4 29488 | 29491
Delay
SPCM Gate and Background 1 Delay | 1 2 2 4 29492 | 29495
Photon Counter Range Delay 1 2 1 2 29496 | 29497
SPCM Status 1 2 1 2 29498 | 29499
Spares 1 1 16 16 29500 | 29515
532 LIDAR Data Error Flag 40 1 1 40 29516 | 29555
532 nm Laser Transmit Energy, 40 1 1 40 29556 | 29595
counts
532 nm Laser Transmit Energy Qual- | 1 1 10 10 29596 | 29605
ity Flag
Photon Counter Range Bias 1 1 1 1 29606 | 29606
Integrated Return Quality Flag 1 1 1 1 29607 | 29607
SPCM Raw Counts 1 1 8 8 29608 | 29615
1064 nm LIDAR Use Flag 1 1 5 5 29616 | 29620
1064 nm LIDAR Data Quality Flag 1 1 10 10 29621 | 29630
Spares 1 1 5 5 29631 | 29635
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Table B-4 GLAO02 Record Format (Continued)

Element Name Elem/ | Bytes/ | ltems/ | Bytes/ | Start Stop
Rec Item Elem Rec Byte Byte
1064 nm Laser Transmit Energy 40 4 1 160 29636 | 29795
1064 nm Laser Transmit Energy 5 4 1 20 29796 | 29815
Spares 1 1 16 16 29816 | 29831
1064 nm Background from -5 KMto - | 40 4 3 480 29832 | 30311
3.75 KM at 40 Hz
1064 nm Background from -5 KMto- | 5 4 3 60 30312 | 30371
3.75 KM at 5 Hz
1064 nm LIDAR Data from 10 KM to - | 40 4 148 23680 | 30372 | 54051
1 KM
1064 nm LIDAR Data from20 KMto | 5 4 132 2640 54052 | 56691
10 KM
1064 nm Cloud Digitizer Shot Counter | 1 2 1 2 56692 | 56693
Cloud Digitizer Background 2 delay 1 2 1 2 56694 | 56695
Cloud Digitizer Background 1 Delay 1 2 1 2 56696 | 56697
Range Gate for Cloud Digitizer 1 2 1 2 56698 | 56699
Cloud Digitizer Detector Status 1 2 1 2 56700 | 56701
Spares 1 2 8 16 56702 | 56717
1064 nm Cloud Digitizer Data Spare 40 1 1 40 56718 | 56757
Cloud Return Peak Signal 8 1 1 8 56758 | 56765
A/D Output and Attenuation Setting 1 1 2 2 56766 | 56767
Cloud Digitizer Range Bias 1 1 1 1 56768 | 56768
1064 Digitizer Gain Setting 1 1 1 1 56769 | 56769
Threshold Crossing 40 1 3 120 56770 | 56889
Ground Return Peak Signal 8 1 1 8 56890 | 56897
Ground Return Location 8 1 1 8 56898 | 56905
1064 nm Laser Transmit Energy Qual- | 1 1 10 10 56906 | 56915
ity Flag
Spares 1 1 12 12 56916 | 56927
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B.1.4 GLAO3

Records occur at once per 16 second rate and are fixed format. Table B-5 contains the record
format.

Table B-5 GLAO03 Record Format

Element Name Elem/ | Bytes/ | ltems/ | Bytes/ Start Stop
Rec Iltem Elem Rec Byte Byte

Engineering Record Index 1 4 1 4 0 3
Record Time (Seconds.Microsec- 1 4 2 8 4 11
onds)
Primary Header APID 20 4 6 1 24 12 35
Secondary Header APID 20 (time 4 8 1 32 36 67
stamp)
532 Energy 4 4 1 16 68 83
Laser Oscillator Temperature 4 2 1 8 84 91
Laser Doubler Temperature 4 2 1 8 92 99
Laser Power Supply Temperature 4 2 1 8 100 107
Laser Preamp Temperature 4 2 1 8 108 115
Laser Osc Current 4 2 1 8 116 123
Laser Amp Current 4 2 1 8 124 131
Laser Dr Pulse Width 4 2 1 8 132 139
Primary Altimeter Detector 550 V 4 2 1 8 140 147
Secondary Altimeter Detector 550 V 4 2 1 8 148 155
SPCM Detector #1 550 V 4 2 1 8 156 163
SPCM Detector #2 550 V 4 2 1 8 164 171
SPCM Detector #3 550 V 4 2 1 8 172 179
SPCM Detector #4 550 V 4 2 1 8 180 187
SPCM Detector #5 550 V 4 2 1 8 188 195
SPCM Detector #6 550 V 4 2 1 8 196 203
SPCM Detector #7 550 V 4 2 1 8 204 211
SPCM Detector #8 550 V 4 2 1 8 212 219
Internal Temp #1 4 2 1 8 220 227
Internal Temp #2 4 2 1 8 228 235
Internal Temp #3 4 2 1 8 236 243
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Table B-5 GLAO03 Record Format (Continued)

Element Name Elem/ | Bytes/ | ltems/ | Bytes/ | Start Stop
Rec Item Elem Rec Byte Byte

VC X Motor Current 4 2 1 8 244 251
VC'Y Motor Current 4 2 1 8 252 259
X Position 4 2 1 8 260 267
Y Position 4 2 1 8 268 275
OTS Level 1 readback 4 1 1 4 276 279
OTS Level 2 readback 4 1 1 4 280 283
OTS Level 3 readback 4 1 1 4 284 287
OTS Level 4 readback 4 1 1 4 288 291
OTS Trigger Count 1 (Upper byte) 4 2 1 8 292 299
readback

OTS Trigger Count 2 (Upper byte) 4 2 1 8 300 307
readback

AD Detector Outgoing Gain readback | 4 1 1 4 308 311
AD Detector Return Gain readback 4 1 1 4 312 315
Dual Pin -A 4 1 1 4 316 319
Dual Pin -B 4 1 1 4 320 323
Loop Heat Pipe 1 & 2 Heater Status 4 1 1 4 324 327
Primary Header APID 21 4 6 1 24 328 351
Secondary Header APID 21 (time 4 8 1 32 352 383
stamp)

+28V Bus A Instrument 4 2 1 8 384 391
Hybrid Supplies 4 2 1 8 392 399
HVPS Detector Supplies 4 2 1 8 400 407
Operational Heaters 4 2 1 8 408 415
Mechanical System 4 2 1 8 416 423
+28V Bus B Laser 1 4 2 1 8 424 431
+28V Bus B Laser 1 4 2 1 8 432 439
+28V Bus C Laser 2 4 2 1 8 440 447
+28V Bus C Laser 2 4 2 1 8 448 455
+28V Bus D Laser 3 4 2 1 8 456 463
+28V Bus D Laser 3 4 2 1 8 464 471
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Table B-5 GLAO03 Record Format (Continued)

Element Name Elem/ | Bytes/ | ltems/ | Bytes/ | Start Stop
Rec Item Elem Rec Byte Byte
+ 5V Hybrid # 1 4 2 1 8 472 479
+ 5V Hybrid # 1 4 2 1 8 480 487
+12 V Hybrid # 2 4 2 1 8 488 495
+ 12V Hybrid # 2 4 2 1 8 496 503
- 12V Hybrid # 3 4 2 1 8 504 511
-12V Hybrid # 3 4 2 1 8 512 519
+ 5V Hybrid # 4 4 2 1 8 520 527
+ 5V Hybrid # 4 4 2 1 8 528 535
-5V Hybrid # 5 4 2 1 8 536 543
-5V Hybrid # 5 4 2 1 8 544 551
-5V Hybrid # 6 4 2 1 8 552 559
-5V Hybrid # 6 4 2 1 8 560 567
+ 15V Boost Post Reg 4 2 1 8 568 575
- 15V Boost Post Reg 4 2 1 8 576 583
+12 V Prim Osc Thermal Control 4 2 1 8 584 591
+12 V Sec Osc Thermal Control 4 2 1 8 592 599
-2 V Discrete Voltage 4 2 1 8 600 607
Hybrid Heatsink 4 2 1 8 608 615
FET Switch Bank Heatsink 4 2 1 8 616 623
FET Switch Bank 4 2 1 8 624 631
HVPS +0 Volts Reference 4 2 1 8 632 639
HVPS +5 V Reference 4 2 1 8 640 647
Optical Sensor Status 4 2 1 8 648 655
Register Flags 4 2 1 8 656 663
Primary Monitor Calibration 4 1 1 4 664 667
Primary Monitor Calibration 4 1 1 4 668 671
Secondary Monitor Calibration 4 1 1 4 672 675
Secondary Monitor Calibration 4 1 1 4 676 679
Counter info 4 1 1 4 680 683
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Table B-5 GLAO03 Record Format (Continued)

Element Name Elem/ | Bytes/ | ltems/ | Bytes/ | Start Stop
Rec Item Elem Rec Byte Byte
Primary Header APID 22 1 6 1 6 684 689
Secondary Header APID 22 (time 1 8 1 8 690 697
stamp)
Housekeeping Board Temperature, 1 2 1 2 698 699
Cho
Instrument Processor System Board 1 2 1 2 700 701
Temperature, Ch 1
Photon Counter Board Temperature, 1 2 1 2 702 703
Ch2
Cloud Digitizer/Frequency & Time 1 2 1 2 704 705
Board Temperature, Ch 3
Altimeter Digitizer 1 Board Tempera- 1 2 1 2 706 707
ture 1,Ch 4
Altimeter Digitizer 1 Board Tempera- 1 2 1 2 708 709
ture 2, Ch 5
Altimeter Digitizer 2 Board Tempera- 1 2 1 2 710 711
ture 1,Ch 6
Altimeter Digitizer 2 Board Tempera- 1 2 1 2 712 713
ture 2, Ch7
Data Collection & Handling Board 1 2 1 2 714 715
Temperature, Ch 8
Laser Monitor Board Temperature, Ch | 1 2 1 2 716 717
9
Temperature Controller Monitor Board | 1 2 1 2 718 719
Temperature, Ch 10
Oven-crystal-controlled Oscilla- 1 2 1 2 720 721
tor(OXCO) 1 Board Temperature, Ch
11
Oven-crystal-controlled Oscilla- 1 2 1 2 722 723
tor(OXCO) 2 Board Temperature, Ch
12
Oscillator Board Temperature, Ch 13 1 2 1 2 724 725
Optical Test Source (OTS) Board 1 2 1 2 726 727
Temperature, Ch 14
Laser Profiler Array (LPA) Tempera- 1 2 1 2 728 729
ture 1, Ch 15
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Table B-5 GLAO03 Record Format (Continued)

Element Name Elem/ | Bytes/ | ltems/ | Bytes/ | Start Stop
Rec Item Elem Rec Byte Byte

Laser Profiler Array (LPA) Tempera- 1 2 1 2 730 731
ture 2, Ch 16
Altimeter Digitizer 1 Board Tempera- 1 2 1 2 732 733
ture 3, Ch 17
Altimeter Digitizer 2 Board Tempera- 1 2 1 2 734 735
ture 3, Ch 18
Altimeter Digitizer 1 Board Tempera- 1 2 1 2 736 737
ture 4, Ch 19
Altimeter Digitizer 2 Board Tempera- 1 2 1 2 738 739
ture 4, Ch 20
Altimeter Digitizer 1 Board Tempera- 1 2 1 2 740 741
ture 5, Ch 21
Altimeter Digitizer 2 Board Tempera- 1 2 1 2 742 743
ture 5, Ch 22
HK TIm Channel 23- Spare 1 2 1 2 744 745
PRT, Gyro Temperature, Ch 24 1 2 1 2 746 747
PRT, Star Camera Temperature, Ch 1 2 1 2 748 749
25
PRT, Stellar Reference System (SRS) | 1 2 1 2 750 751
Temperature, Ch 26
PRT, Lidar Detector Pkg? Tempera- 1 2 1 2 752 753
ture, Ch 27
PRT, Altimeter Detector 1 Tempera- 1 2 1 2 754 755
ture, Ch 28
PRT, Altimeter Detector 2 Tempera- 1 2 1 2 756 757
ture, Ch 29
PRT, Spacecraft Interface Tempera- 1 2 1 2 758 759
ture, Ch 30
PRT, Telescope Mount Temperature, 1 2 1 2 760 761
Ch 31
PRT, Telescope Baffle Temperature, 1 2 1 2 762 763
Ch 32
PRT Temperature Region 10, Ch 33, 1 2 1 2 764 765
Spare
PRT Temperature Region 11, Ch 34, 1 2 1 2 766 767
Spare
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Table B-5 GLAO03 Record Format (Continued)

Element Name Elem/ | Bytes/ | ltems/ | Bytes/ | Start Stop
Rec Item Elem Rec Byte Byte
PRT Cal Low, Ch 35 1 2 1 2 768 769
PRT Cal High, Ch 36 1 2 1 2 770 771
Pin Diode Bias Voltage 1 2 1 2 772 773
Spare 1 2 1 2 774 775
Spare 1 2 1 2 776 777
Spare 1 2 1 2 778 779
Spare 1 2 1 2 780 781
Primary Header APID 23 1 6 1 6 782 787
Secondary Header APID 23 (time 1 8 1 8 788 795
stamp)
Telescope Region 0 Primary Mirror 1 2 1 2 796 797
Telescope Region 1 Secondary Mirror | 1 2 1 2 798 799
Telescope Region 2 Tower 1 2 1 2 800 801
Etalon Temperature, Ch 37d 1 2 1 2 802 803
Loop Heat Pipe 1 Temperature, Ch 1 2 1 2 804 805
37e
Loop Heat Pipe 2 Temperature, Ch 1 2 1 2 806 807
37f
Telescope Primary Mirror Heater 1 2 1 2 808 809
drive current
Telescope Secondary Mirror Heater 1 2 1 2 810 811
drive current
Telescope Tower Heater drive current | 1 2 1 2 812 813
Etalon Heater Current, Ch 37j 1 2 1 2 814 815
HOP and VC Thermistors - 1 1 2 1 2 816 817
HOP and VC Thermistors - 2 1 2 1 2 818 819
HOP and VC Thermistors - 3 1 2 1 2 820 821
HOP and VC Thermistors - 7 1 2 1 2 822 823
HOP and VC Thermistors - 8 1 2 1 2 824 825
HOP 1 Actuator Current - Heater 1 1 2 1 2 826 827
HOP 2 Actuator Current - Heater 1 1 2 1 2 828 829
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Table B-5 GLAO03 Record Format (Continued)

Element Name Elem/ | Bytes/ | ltems/ | Bytes/ | Start Stop
Rec Iltem Elem Rec Byte Byte

HOP 3 Actuator Current - Heater 1 1 2 1 2 830 831
HOP 4 Actuator Current - Heater 2 1 2 1 2 832 833
HOP 5 Actuator Current - Heater 2 1 2 1 2 834 835
HOP 6 Actuator Current - Heater 2 1 2 1 2 836 837
Spare 1 2 1 2 838 839
Spare 1 2 1 2 840 841
Spare 1 2 1 2 842 843
Spare 1 2 1 2 844 845
Spare 1 2 1 2 846 847
Spare 1 2 1 2 848 849
Spare 1 2 1 2 850 851
Spare 1 2 1 2 852 853
Spare 1 2 1 2 854 855
Spare 1 2 1 2 856 857
spare 1 2 1 2 858 859
Primary Header APID 12 or 13 64 6 1 384 860 1243
Secondary Header 12 or 13 (time 64 8 1 512 1244 1755
stamp)
Primary Header APID 15 16 6 1 96 1756 1851
Secondary Header APID 15 (time 16 8 1 128 1852 1979
stamp)
Primary Header APID 17 16 6 1 96 1980 2075
Secondary Header APID 17 (time 16 8 1 128 2076 2203
stamp)
Primary Header APID 19 16 6 1 96 2204 2299
Secondary Header APID 19 (time 16 8 1 128 2300 2427
stamp)
Shot Counter APID 19 16 2 1 32 2428 2459
Transmit Pulse Search Window Loca- | 16 4 1 64 2460 2523
tion
OTS Pulse Waveform Start Address 16 4 1 64 2524 2587
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Table B-5 GLAO03 Record Format (Continued)

Element Name Elem/ | Bytes/ | ltems/ | Bytes/ | Start Stop
Rec Item Elem Rec Byte Byte

OTS Pulse Waveform Status 16 4 1 64 2588 2651
Shot Counter for OTS WF 64 2 1 128 2652 2779
Sampled OTS Pulse Waveform 64 1 32 2048 2780 4827
RMS Noise Calculation Location 16 4 1 64 4828 4891
Post Delay Pulse Waveform Start 16 4 1 64 4892 4955
Address
Post Delay Pulse Waveform Status 16 4 1 64 4956 5019
Shot Counter for Post Delay WF 16 2 1 32 5020 5051
Sampled Post Delay Pulse Waveform | 16 1 32 512 5052 5563
Spare APID 19 16 2 1 32 5564 5595
Dual Pin A 16 1 40 640 5596 6235
Dual Pin B 16 1 40 640 6236 6875
Spacecraft position Packet Data with | 16 1 50 800 6876 7675
VTCW
Spares 1 4 33 132 7676 7807

B.1.5 GLAO04

GLAO04 is a multi-file product. Within each file, records occur at once per second and
are fixed format. The record format is TBD.

B.1.6 GLAO5

Records are fixed length and format and occur once per second. Table B-6 contains

the record format.

Table B-6 GLAO05 Record Format

Element Name Elem/ | Bytes/ | ltems/ | Bytes/ | Start Stop
Rec ltem Elem Rec Byte Byte
Waveform Record Index 1 4 1 4 0 3
Time of First Laser Pulse 1 4 2 8 4 11
One way transit time 1 4 1 4 12 15
Laser Shot Time Deltas (shots 2-40) 39 4 1 156 16 171
Spot Coordinate Data Latitude(uncor- | 40 4 1 160 172 331
rected)
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Table B-6 GLAO05 Record Format (Continued)

Element Name Elem/ | Bytes/ | ltems/ | Bytes/ | Start Stop
Rec ltem Elem Rec Byte Byte

Spot Coordinate Data Longi- 40 4 1 160 332 491
tude(uncorrected)
Spot Surface Elevation (uncorrected) | 40 4 1 160 492 651
PAD Pointing Vector 40 4 6 960 652 1611
POD Position 40 4 6 960 1612 2571
POD/PAD Quality Flag 1 1 10 10 2572 2581
Spares 1 1 2 2 2582 2583
On-board Error Flags 40 2 1 80 2584 2663
Frame Use Flag 1 1 1 1 2664 2664
Spares 1 1 3 3 2665 2667
Reference Range 40 4 1 160 2668 2827
Threshold Retracker Range Offset 40 4 1 160 2828 2987
(other than land)
Maximum Range Offset (land) 40 4 1 160 2988 3147
Minimum Range Offset (land) 40 4 1 160 3148 3307
Maximum Range Offset (other than 40 4 1 160 3308 3467
land)
Minimum Range Offset (other than 40 4 1 160 3468 3627
land)
Waveform Quality Flag 40 4 1 160 3628 3787
Preliminary Uncorrected Range Off- 40 4 1 160 3788 3947
set (land)
Preliminary Uncorrected Range Off- 40 4 1 160 3948 4107
set (other than land)
Area Under Transmitted Pulse 40 4 1 160 4108 4267
Centroid of Transmitted Pulse 40 4 1 160 4268 4427
Amplitude, Peak Location, and Sigma | 40 4 3 480 4428 4907
of Transmitted Pulse
Skewness of Transmitted Pulse 40 4 1 160 4908 5067
Centroid of Received Pulse 40 4 1 160 5068 5227
Spares 1 4 10 40 5228 5267
Area of Signal Return (land) 40 2 1 80 5268 5347
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Table B-6 GLAO05 Record Format (Continued)

Element Name Elem/ | Bytes/ | ltems/ | Bytes/ | Start Stop
Rec ltem Elem Rec Byte Byte

Area of Signal Return (other than 40 2 1 80 5348 5427
land)
Chi Square (land) 40 2 1 80 5428 5507
Chi Square (other than land) 40 2 1 80 5508 5587
Max Amplitude of Received Wave- 40 2 1 80 5588 5667
form
Max Amplitude of Smoothed Wave- 40 2 1 80 5668 5747
form
Percent of Saturated Signal From 40 2 1 80 5748 5827
Received WF
Skewness of Received WF (land) 40 2 1 80 5828 5907
Kurtosis of Received WF (land) 40 2 1 80 5908 5987
Skewness of Received WF (other 40 2 1 80 5988 6067
than land)
Kurtosis of Received WF (other than | 40 2 1 80 6068 6147
land)
Sigmas of fit parameters (land) 40 2 19 1520 6148 7667
Sigmas of Fit Parameters (other than | 40 2 19 1520 7668 9187
land)
WF Parameters from fit (land) 40 2 19 1520 9188 10707
WF Parameters from fit (other than 40 2 19 1520 10708 12227
land)
Gain Value of Transmitted Pulse 40 2 1 80 12228 12307
Gain Value of Received Pulse 40 2 1 80 12308 12387
Maximum Amp of Transmitted Pulse 40 2 1 80 12388 12467
Spares 1 2 4 8 12468 | 12475
Initial Number of Peaks of the 40 1 1 40 12476 12515
Smooth WF (land)
Initial Number of Peaks of the 40 1 1 40 12516 12555
Smooth WF (other than land)
Rank of WF Significant Peaks (land) 40 1 6 240 12556 12795
Rank of WF Significant Peaks (other | 40 1 6 240 12796 13035
than land)
1064 nm Background Signal 40 1 1 40 13036 13075
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Table B-6 GLAO05 Record Format (Continued)

Element Name Elem/ | Bytes/ | ltems/ | Bytes/ | Start Stop

Rec ltem Elem Rec Byte Byte

Saturation Flag (land) 1 1 10 10 13076 13085

Saturation Flag (other than land) 1 1 10 10 13086 13095

WEF Fit Success Flag MaxlIter(land) 1 1 5 5 13096 13100

WEF Fit Success Flag NoGo(land) 1 1 5 5 13101 13105

WEF Fit Success Flag MaxIter(other 1 1 5 5 13106 13110
than land)

WEF Fit Success Flag NoGo(other 1 1 5 5 13111 13115
than land)

Spares 1 4 4 16 13116 | 13131

B.1.7 GLAO06

Records are fixed length and format and occur once per second. Table B-7 contains
the record format.

Table B-7 GLAO06 Record Format

Element Name Elem/ | Bytes/ | ltems/ | Bytes/ Start Stop
Rec ltem Elem Rec Byte Byte

Record Index 1 4 1 4 0 3
Time of First Laser Pulse 1 4 2 8 4 11
One Way Transit Time 1 4 1 4 12 15
Laser Shot Time Deltas, Shots 2-40 39 4 1 156 16 171
Spot 1 Coordinate Data, Latitude 40 4 1 160 172 331
Corrected
Spot 1 Coordinate Data, Longitude 40 4 1 160 332 491
Corrected
Surface Elevation 40 4 1 160 492 651
PAD Pointing Vector 40 4 6 960 652 1611
POD Fixed Position Vector 40 4 6 960 1612 2571
POD/PAD Quality Flag 1 1 10 10 2572 2581
spares 1 1 14 14 2582 2595
Local Azimuth 1 4 1 4 2596 2599
Solar Incidence Angle 1 4 1 4 2600 2603
Orientation of Pulse 1 4 1 4 2604 2607
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Table B-7 GLAO06 Record Format (Continued)

Element Name Elem/ | Bytes/ | ltems/ | Bytes/ | Start Stop
Rec ltem Elem Rec Byte Byte

Semi-major axis of footprint 40 2 1 80 2596 2675
Semi-minor axis of footprint 40 2 1 80 2676 2755
Geoid 1 2 1 2 2756 2757
Solid Earth Tide Elevation 1 2 1 2 2758 2759
Tide Elevations, Specific 4 2 1 8 2760 2767
Load Tide Elevation 4 2 1 8 2768 2775
Ocean Tide Elevation 1 2 1 2 2776 2777
Range Correction, Wet Troposphere 1 2 1 2 2778 2779
Range Correction, Dry Troposphere 40 2 1 80 2780 2859
Elevation Corrections Quality Flag 1 1 2 2 2860 2861
spares 1 1 10 10 2862 2871
Atmosphere Flag 40 1 1 40 2872 2911
Surface Type 40 1 1 40 2912 2951
Meteorological Data Quality Flag 1 1 1 1 2952 2952
spares 1 1 3 3 2953 2955
DEM Elevation 40 4 1 160 2956 3115
Reference Range 40 4 1 160 3116 3275
Threshold Retracker Range Incre- 40 4 1 160 3276 3435
ment

Signal Begin Range Increment 40 4 1 160 3436 3595
Signal End Range Increment 40 4 1 160 3596 3755
Ice Sheet Range Increment 40 4 1 160 3756 3915
Sea Ice Range Increment 40 4 1 160 3916 4075
Land Range Increment 40 4 1 160 4076 4235
Ocean Range Increment 40 4 1 160 4236 4395
Centroid Range Increment 40 4 1 160 4396 4555
Reflectance 40 4 1 160 4556 4715
Beflectance Correction, Laser Point- | 40 4 1 160 4716 4875
ing

Reflectance Correction, Solar Angle 1 4 1 4 4876 4879
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Table B-7 GLAO06 Record Format (Continued)

Element Name Elem/ | Bytes/ | ltems/ | Bytes/ | Start Stop

Rec ltem Elem Rec Byte Byte
Reflectance Correction, Atmosphere 1 4 1 4 4880 4883
spares 1 1 32 32 4884 4915
Peak Amplitude of Smooth WF 40 2 1 80 4916 4995
Sigma of Elevation 40 2 1 80 4996 5075
Elevation Quality 1 1 5 5 5076 5080
1 1 3 3 5081 5083
Goodness of Fit, Roughness 40 2 1 80 5084 5163
Surface Roughness 40 2 1 80 5164 5243
Surface Slope 40 2 1 80 5244 5323
Surface Roughness Quality Flag 40 1 1 40 5324 5363
Number of Peaks from Waveform Fit | 40 1 1 40 5364 5403
Initial Number of Peaks of the 40 1 1 40 5404 5443

Smooth Waveform (land)

Range Increment Quality/Use Flag 40 1 1 40 5444 5483
spares 1 1 4 4 5484 5487

B.1.8 GLAO7

Records are fixed length and format and occur once per second. Table B-8 contains
the record format.

Table B-8 GLAO07 Record Format

comenttame | e | By | tomw/ | Byes | st | st

Backscatter Record Index 1 4 1 4 0 3

Time of First Sample - Seconds 1 4 2 8 4 11
PAD Pointing Vector 1 4 6 24 12 35
Profile Coordinate, Latitude 1 4 1 4 36 39
Profile Coordinate, Longitude 1 4 1 4 40 43
Profile Coordinate, Elevation 1 4 1 4 44 47
POD & PAD orbit quality flag 1 1 1 1 48 48
Spares 1 1 7 7 49 55
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Table B-8 GLAO07 Record Format (Continued)

Elem/ | Bytes/ | ltems/ | Bytes/ | Start Stop

Element Name Rec Item Elem Rec Byte Byte
Solar Angle 1 4 1 4 56 59
Surface elevation - peak of return | 40 2 1 80 60 139
Surface elevation - threshold of 40 2 1 80 140 219
return
Threshold Crossing 40 1 3 120 220 339
Start Range of Backscatter Profile | 1 4 1 4 340 343
532 nm Background 40 4 3 480 344 823
532 nm Background 5 4 3 60 824 883
532 nm Background 1 4 3 12 884 895
1064 nm Background 40 4 3 480 896 1375
1064 nm Background 5 4 3 60 1376 1435
532 nm laser transmitted energy 1 1 10 10 1436 1445
quality flag
1064 nm laser transmitted energy | 1 1 10 10 1446 1455
quality flag
DEM value used by atmosphere 1 4 1 4 1456 1459
processes
532 nm Backscatter Calibration 1 4 3 12 1460 1471
Coefficient
1064 nm Backscatter Calibration | 1 4 2 8 1472 1479
Coefficient
532 nm Merged Attenuated Back- | 40 4 148 23680 | 1480 25159
scatter Profile 10 to -1 km
532 nm Merged Attenuated Back- | 5 4 548 10960 | 25160 | 36119
scatter Profile 40 to -1 km
1064 nm Merged Attenuated 40 4 148 23680 | 36120 | 59799
Backscatter Profile 10 to -1 km
1064 nm Merged Attenuated 5 4 280 5600 59800 | 65399
Backscatter Profile 20 to -1 km
532 nm molecular backscatter 1 2 548 1096 65400 | 66495
cross section profile 40 to -1 km
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Table B-8 GLAO07 Record Format (Continued)

Elem/ | Bytes/ | ltems/ | Bytes/ | Start Stop
Element Name Rec Item Elem Rec Byte Byte
1064 nm molecular backscatter 1 2 280 560 66496 | 67055
cross section profile 20 to -1 km
532 nm integrated return from 30 | 1 4 1 4 67056 | 67059
to 20 km
Met/std atm source/quality flag 1 1 1 1 67060 | 67060
Spares 1 1 7 7 67061 | 67067
532 nm Attenuated Backscatter 1 1 18 18 67068 | 67085
Vertical Profile Flag contains:
532 nm calibration coefficient 1 0.25 1
quality flag
532 nm calibration coefficient 1 0.25 1
day/night flag
532 nm backscatter cross section 1 0.25 1
quality flag for 5 Hz profile
532 nm backscatter cross section 1 0.25 5
quality flag for 5 Hz profile
Spares 1 0.125 |3
532 nm backscatter cross section 1 0.125 5
use flag for 5 Hz profile
532 nm backscatter cross section 1 0.25 40
quality flag for 40 Hz profile
532 nm backscatter cross section 1 0.125 40
use flag for 40 Hz profile
1064 nm Attenuated Backscatter 1 1 18 18 67086 | 67103
Vertical Profile Flag
1064 nm calibration coefficient 1 0.25 1
quality flag
Spares 1 0.125 |4
1064 nm backscatter cross section | 1 0.25 5
quality flag for 5 Hz profile
Spares 1 0.125 |3
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Table B-8 GLAO07 Record Format (Continued)

Element Name Elem/ | Bytes/ | ltems/ | Bytes/ | Start Stop
Rec Item Elem Rec Byte Byte
1064 nm backscatter cross section | 1 0.125 5
use flag for 5 Hz profile
1064 nm backscatter cross section | 1 0.25 40
quality flag for 40 Hz profile
1064 nm backscatter cross section | 1 0.125 | 40
use flag for 40 Hz profile
spares 1 1 8 8 67104 | 67111
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GLAS Standard Data Products Specification - Level 1
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Appendix D
Level 1 Data Products

Flag Formats

D.1 GLAO1

i_DEM_flag [GLAO1, 02]: Flag indicating how DEM grid number was selected -- GPS, spacecraft data or uplink used.

Figure D-1 i_DEM_flag

D.2 GLAO2

i1_g_lid_qgf [GLA02]: 532 nm LIDAR Data Quality Flag - 2 bits per shot

Byte 1 Byte 10
T [ [ [ [ [ ol ———~— -~ -~ - - - - - - —-[ELT LT LTI
shot 40 | shot39 | shot38 ' shot 37 shot4 ' shot3 ' shot2 | shot1

(shots 40 - 1)
Figure D-2 i1_g_lid_qf

i1_g_lid_uf [GLAO2]: 1 bit use flag for 532 nm LIDAR
1-bit flags, 40/second

Byte 1 Byte 2 Byte 3 Byte 4
71 T T T T T Jofz ] T [ T T [ Jof7z[ T [ T T T Jof[7z]T T T T T T TJo
40139738137 T36 1351347331321 31 3029 T28 127 126 T25 T24 Toz TooTo1 20T 19T 18117 T16 T15T14 TH3 T2 T11 Ti0 T g

(shots 40-9)

(shots 8-1)

Figure D-3 i1_g_lid_uf
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Flag Formats GLAS Standard Data Products Specification - Level

i1_g_sat_f [GLAO02]: Bit flag indicating whether the 532 nm signal is saturated or not for the 40 to 20 KM Segment. 1 bit per each sum of
40 shots per bin (268); 0 = not saturated, 1 = saturated.
Byte 1 Byte 2 Byte 3 Byte 4
7 T T T T T TJoJzT T T T T T JoJz[ T T T T T TJof7z] T T T [T T TJo
spare spare spare |268 267 "266 "265 264 '263 '262 '261 260 ' 259 258" 257
Bins 268-257
Byte 5 Byte 32
8 28 D B B
256' 255' 254' 253" 2521 2511 250! 249 Bins 256-33 40 "39 T38 137136 35 '34 1'33
Byte 33 Byte 34 Byte 35 Byte 36
71 T T T ] [olzT T T T T T ToflzT T T T T [ JofJzT T T T [ T TJo
3231302928 T27 Tog T25 T24 T23 T22 T21 T20 T19T 18 T17 T16 T15 T14 T13 1241 T10 To9 Tos T07 T'o6 T05 To4 To3 To2 To1
Bins 32-01

Figure D-4 i1_g_sat f

i1_ir_lid_qf [GLA02]: 1064 nm LIDAR Data Quality Flag - 2 bits per shot.

Byte 1 [ Byte 10

71 T T T T T TJo 71 T T T T T To
shot 40 T shot 39 T shot 38 T shot 37 shot4 T shot3 T shot2 T shot1

(shots 40-1)

Figure D-5 i1_ir_lid_qf

i1_ir_lid_uf [GLAO2]: 1 bit use flag for 1064 nm LIDAR
1-bit flags, 40/second

Byte 1 Byte 2 Byte 3 Byte 4
71 T T T T T JolzT7T T T T T T Tol7z T T T T T T TJol7zT T T T T T TJo
40 "39 738 37136 T35 7341733 "732T31 3029 T28 127 T2 T25 T24 T23 722 T21 T20 19T 18 T17 T16 T15 T14 P13 T12T11 T10 T 9

(shots 40-9)

(shots 8-1)

Figure D-6 i1_ir_lid_uf
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Flag Formats

GLAS Standard Data Products Specification - Level

i40_g_lid_ef [GLA02]: 532 LIDAR Data Error Flag: The error flag returned in the photon counter (aerosol) telemetry data.

1 byte measurement at 40/second.

Byte 1 Byte 40
76 ]5J4a]3]2]1]Jo 765 J4[3[2]1]o
T T T T T T T T T
shot 1 shot 40
(shots 1-40)
Figure D-7 i40_g_lid_ef
i40_g_sat_f [GLA02]: Bit flag indicating whether the 532 nm signal is saturated or not for the 10 to -1 KM Segment.
1 bit per each shot(40) per bin (148); 0 = not saturated, 1 = saturated.
Byte 1 Byte 2 Byte 3 Byte 4
7 T T T T T JolzT T T T T T Jofz] T T T T T JoJ7z] T 1] Jo
40 139738 737 136 735734 733T32"311T30"729 728727 T2og T25 T24 T23 122 T21 T20 T 19T 18 117 T16 T15 T14a T 13 T12T11 710 To9
Bin 148 (shots 40-09)
Byte 5
71 T T 7 o] _ ____.
08 107 "06 T05 04 T3 To2 To1 B
Bin 148 (shots 08-01) '
|
|
. Bins 147-3 (shots 40-1)
|
|
|
|
|
|
|
|
:
. Byte 731 Byte 732
1 T T T T T JoJ7zT T T T T T TJo
40 '39 738 '37 '36 '35 34 '33 '32 '31 '30 '29 '28' 27' 26 25
Bin 2 (shots 40-25)
Byte 733 Byte 734 Byte 735 Byte 736
71 T T T T T Jofz7 T T T T T Jof7z] T T [ T [ JoJz] [ T [ T T To

24 237 22 121 20 19 T18 T17

16 15 14 113 "12 711 10" 09

Bin 2 (shots 24-01)

08 07 06 05" 04 03T 02 01

40 3913837 "36 '35 '34 '33
Bin 1 (shots 40-33)

Byte 737

Byte 738

Byte 739

Byte 740

71 1 [ [ [ TJo
32 731 T30 Tag T2g 127 T26 T 25

7] [ T T T TJo
24 T23 T2 21 T20 19 THg 117

7] [ T [ TJo
16 115 T14 713 712711710 Tog

71 1 [0
08 107 To6 T05 o4 To3 To2 To1

Bin 1 (shots 32-01)

Figure D-8 i40_g_sat_f
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GLAS Standard Data Products Specification - Level 1 Flag Formats

i5_g_sat_f [GLAO02]: Bit flag indicating whether the 532 nm signal is saturated or not for the 20 to 10 KM Segment.
1 bit per each sum of 8 shot(40) per bin (132); 0 = not saturated, 1 = saturated.

Byte 1 Byte 2 Byte 3 Byte 4
71 T T T T T Tofl7zT T T T T T TJol]7 I 1 T T 1T JolzT T T T T T Jo
|05'o4'03'02 o1 o5 Toa TogTo21 01 [o5T04T03102T01 0570410310201
spare spare
Bin 132 Bin 131 Bin 130 Bin 129
Byte 5 Byte 80
71 T T T T T TJo 7] T T T T T TJo
5'4'3'2'1|5'4'3 5'4'3'2'1|5'4'3
Bin 128 Bin 8 Bin 7
Byte 81 Byte 82 Byte 83 Byte 84
71 T T T T 1 ol7z1 T T T T T Tof~7 I T T T T TJToJ7zT T 1T T T T Jo
02'o1|05'o4'03'02'01 05 04'03'02'o1|05'o4'03'02 01 05'04'03'02'o1|05'o4 03 02 o1 0|5'071'03'02'01
I I
Bin 6 Bin 5 Bin 4 Bin 3 Bin 2 ! | Binn
I

(shots 40-33) | |
I
(shots 32-25) :

Y

(shots 24-17)

D G

(shots 16-09)

(shots 08-01)

Figure D-9 i5_g_sat_f

i_DEM_flag [GLAO1, 02]: Flag indicating how DEM grid number was selected -- GPS, spacecraft data or uplink used.

Figure D-10 i_DEM_flag
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Flag Formats

GLAS Standard Data Products Specification - Level

i_g_TxNrg_qf [GLAO2 & 07]:

532 nm Laser Transmitted Energy Quality Flag

Byte 1 Byte 2 Byte 3 Byte 4
71 T T T T | ToJ7T] [0 71 [of7T T T [ To
40 T 39 T 38 T 37 36 35 T34 T 33 32 31 T30 T 29 28 27 T 26 T 25
(shots 40 - 25)
Byte 5 Byte 6 Byte 7 Byte 8
7 ] I I [o]71 [ T 1 [0 171 [ T 1 [o]7T 1] [ _To
24 123 T 22 T2 20 19 g T7 16 I 15 T 14 T 3 12 11 10 T 09
(shots 24 - 9)
Byte 9 Byte 10
7 1 [ T T T JoJ7] [0
g ' 7 ' 6 ' 5 T 4 3 T2 T
(shots 8- 1)
Figure D-11 i_g_TxNrg_qf
i_ir_IntRet_qgf [GLAO2]: Assessment of the integrated return value; indicator of boresight accuracy and signal strength.
0 = unused, 1 = excellent, 2 = good, 3 = marginal, 4 = poor, 5 = bad data.
Byte 1
765 J4]32]1]o
T T T T T T
spares i_ir_IntRet_gf
Figure D-12 i_ir_IntRet_qf
i_ir_TxNrg_qf [GLA02, 07]: 1064 nm Laser Transmitted Energy Quality Flag
Byte 1 Byte 2 Byte 3 Byte 4
71 T T T T T Jol7] [ T T T ToJ7T] [ [ T [of7zT T T T [ T To
40 T 39 T 38 T 37 36 | 35 1 34 ' 33 32 31 T30 T 29 28 I 27 T 26 25
(shots 40 - 25)
Byte 5 Byte 6 Byte 7 Byte 8
71 T T T T T TJolzT T T T T T TolzT T T T T T TolzT T T T T T To
24 1 23 22 1T 21 20 I 19 [ 18 I 17 16 T 15 T 14 13 12 T T 10 T 09
(shots 24 - 9)
Byte 9 Byte 10
71 [ 1T T T JTofJzT T T T 1 [0
g I 7 T 6 T 5 4 | 3 [ 2 1T 7
(shots 8 - 1)
Figure D-13 i_ir_TxNrg_qf
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GLAS Standard Data Products Specification - Level 1 Flag Formats

D.3 GLAO3

i_dlaywf_stat [GLAO03]: Post Delay Pulse Waveform Status (1 status per second, 16 seconds per record)

Byte 1 [ Byte 2 Byte 3 [ Byte 4
7IIIIIII0I7IIIIIII0I7IIIIIII0I7IIIIII!0
I
I

Spares

|
A\
Post Delay
Laser Pulse

0 = Disabled
1 = Enabled

Figure D-14 i_dlaywf_stat

i_FETSbHS_t [GLA03]: FET Switch Bank Heatsink (1 heatsink per 4 seconds, 16 seconds per record)

Byte 1 | Byte 2
7IIIIIII0I7!|I|!II!!0I
Spares 1 1 Spares ', |
1 l |
1 1 1 V
1 y Primary
1 PriXary 1 Oscillator
| Digitizer | 0=OFF
| 0=0FF 1 1=0N
1,1=0N ]
Secondary Secondary
Digitizer Oscillator
0=OFF 0=OFF
1=0N 1=0N

Figure D-15 i_FETSbHS _t

i_LHtP12_St [GLAO3]: Loop Heat Pipe 1 & 2 Heater Status (1 status per 4 seconds, 16 seconds per record)

Byte 1

P I I II?
Spares ! |

P | v

! pipe 1
10=0FF

|1=ON

pipe 2

0=OFF

1=0N

Figure D-16 i_LHtP12_St
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Flag Formats GLAS Standard Data Products Specification - Level

i_OptSenSt [GLAO03]: Optical Sensor Status (1 status per 4 seconds, 16 seconds per record)

Byte 1 Byte 2
7IIIIIII07IIIIII!(|>
Spares |
Optical
Sensor
0 = Disabled
1 = Enabled

Figure D-17 i_OpSenSt

i_otswf_stat [GLA03]: OTS Pulse Waveform Status (1 status per second, 16 seconds per record)
Byte 1 [ Byte 2 [ Byte 3 [ Byte 4
7IIIIIII0I7IIIIIII0I7IIIIIII0I7IIIIII!0
I
spares :
\
OTS Pulse
Operations
0 = Disabled
1 = Enabled
Figure D-18 i_otswf_stat
i_Register Flags [GLAO3]: Register Flags (1 register per 4 seconds, 16 seconds per record)
Byte 1 Byte 2
7IIIIIII07IIIIII!0
?
Figure D-19 i_Register Flags
iBadFrame_flag [GLAO5]: Flag indicating whether all data in the record is bad. Set if either no peaks found or no signal found.
Byte 1
1 T [ T [ T TJo
spares | ‘
0=Good Frame
1=Bad Frame
Figure D-20 iBadFrame_flag
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i_fit_maxiter [GLAO5]: WF Fit Success Flags Maxlter (land and other than land)
1-bit flags, 40/second.

O=success
1=indicating maximum number of iterations exceeded — fit ended without meeting convergence criteria

Byte 1 Byte 2 Byte 3 Byte 4
1 T T T T T JolzT T T T T T JofJzT T T T [ [ JofJz] T T T T T Jo
40 "39 "33 137 136 735 7341733732731 73029728 27 Tog T25 724 T23 T22 721 T20 T 19718 T17 716 T15 714 T13 712711 T10 T09
shots 09-40

Byte 5
1 T T T T T TJo
08 "07 06 "o5 To4 T03 To2 To1
shots 01-08

Figure D-21 i_fit_maxiter

i_fit_nogo [GLAO5]: WF Fit Success Flags NoGo (land and other than land)
1-bit flags, 40/second, GLAO5Flags indicating success of received waveform fit from land parameterization

O=success,
1=fit was totally unsuccessful — numerical instabilities occurred.

Byte 1 | Byte 2 | Byte 3 | Byte 4 |
71 T T T T T JolzT T T [ T [ Jof7T T T T T T Jof7z] T T T T T TJo]
40 '39 "38 37 136 '35 734733732131 "30 2912827 T2 T25 124 T23 T22 21 T20 T 19718 17 T1e 115 T14 713 1211 T1o To9 !
shots 09-40

Byte 5
1 T T T T T Joj
08 "07 To6 To5 T04 To3 To2 To1 !
shots 01-08

Figure D-22 i_fit_nogo

i_obErr [GLAO5]: onboard Error Flags, not yet fully defined.
2 byte set of 1-bit flags, 40/second.

Byte 1 [ Byte 2 Byte 3 |
7] [ [ T T [ TofzT T [ T [ T TJTofz7 [ T T [ [ TJol]
td tbd tod tbd td tbd fod td tbd tbd tbd tbd tbd bd tbd tbd
Shot 1 Shot 2
o Byte 78 Byte 79 [ Byte 80
71T T T T T T Tof7z7 T T T [ T TJoJ7zT [ T [ T T TJo
Shot 39 Shot 40

Figure D-23 i_obErr
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Flag Formats GLAS Standard Data Products Specification - Level

i_PODPADQF [GLAO05, 12-15]: PODPAD Quality Flag

Byte 1 Byte 2 Byte 3 Byte 4
2 I [ol7-T T T T T T Jol7T T T T T T Jol7T T T ] [0
40739738 737 7367357341733 732131 T30 T2g T28 127726 725 724 723 122 721 T20 T19 T18 717 T16 T15 T14 T13 T12 711 T10 T 09
iPODFlg(09-40)

Byte 5 Byte 6 Byte 7 Byte 8
1 T T T T T JoJzT T T T T T JolrT T T [ T T JoJzT T T T T [ Jo
08707106 '05'04'03102"01|40'39 '38 '37 '36 '35 34 '33 ' 321311 30 ' 29 28' 27' 26' 25' 241 231 221 211 20" 19" 18 ' 17
iPODFIg(01-08) iPADFIg(17-40)
Byte 9 Byte 10

71 T T T T T TJTofzT T T T T T To
16 115 114 113 '12 111 '10 '09 108 '07 '06 '05 '04 '03 '02 ' 01
iPADFIg(01-16)

Figure D-24 i_PODPADQF

i_satFlag [GLAO05]: Waveform Saturation Flags
Set of 2-bit flags at 40/second

Byte 1 Byte 2 Byte 3 Byte 4

71 T T T T T TJoJzT T T T T T TJToJ7zT T T T T T Jol7zT T T T T T TJo
shot40 T shot39 T shot38 T shot37 T shot36 | shot35 T shot34 T shot33 T shot32 T shot31 T shot30 T shot29 T shot28 T shot27 T shot26 T shot25

Values for each 2 bit item are as follows:

0=no saturation found in received signal

1=saturation found but ignored for processing

2=significant saturation found waveform not processed

3=significant saturation found waveform processed using special algorithm.

Byte 07 Byte 08 Byte 09 Byte 10

7T T T T T T TJo0J7z7 T T T T T TJolzT T T T T T TolzT T T T T T To
shot16 T shot15 T shot14 T shot13 T shoti2 T shot11 T shot10 T shot09 T shot08 T shoto7 T shot06 T shot05 ' shoto4 T shoto3 T shot02 T shot01

Figure D-25 i_satFlag

i_surfType [GLAO5, 06, 12-15]: 40/second Surface Type Flag

Byte 1 Byte 40
7]e]s[4a]3]2T17]0 7]6]5J4]3]2T7T0
T T | ‘ T T T T T T T T T T T
Shot 1 Inland Water Shot 40

Glacier
Ice Sheet
Ocean
Sea Ice
Unvegetated Land

Urban
Vegetated Land

Figure D-26 i_surfType
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GLAS Standard Data Products Specification - Level 1

Flag Formats

i_WF_qual [GLA05]: Waveform assessment quality flags, not yet fully defined.

4 byte set of flags, 40/second.

Byte 1 | Byte 2 | Byte 3 | Byte 4
7T T T T T T Jof7 T T T T T Jof7z[ T T T T T Jofl7[ T [ T T T JO
Shot 1 |
Byte 157 [ Byte 158 [ Byte 159 [ Byte 160
T T T T T Jofz T T T T T Jof7z T T T T T Jof7z[ T T T T T To
Shot 40
Figure D-27 i_WF_qual
i_metFlg [GLAO6, 07, 12-15]: Meteorological Data Quality Flag - Flag indicating quality and source of the meteorological data.
One packed byte
Byte 1
71T T T T [ T TJo
met data source |spares | quality
flag
Figure D-28 i_metFlg
i_atmQF [GLAO06, 12-15]: Atmosphere Quality Flag
This flag is not yet well understood.

Byte 1 Byte 40
7]6]s5Ja]sJ2]1]o 7 [6 [5 [4a3]2T1T]o
T T T T T T T T T T 1 T T T
Shot 1 Shot 40
Figure D-29 i_atmQF
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Flag Formats GLAS Standard Data Products Specification - Level

i_ElvCor_QF [GLAO06, 12-15]: Flag indicating quality of the elevation corrections. 2 bits allocated to each :
earth, load, and ocean tides; and wet and dry tropospheric range corrections. 10 bits total, 6 bits spare.

Byte 1 Byte 2
71T T T T T T Jol7T [ T [T T T Jo
wet | ocean | load | earth spare | dry
tropo tide tide tide bits tropo

Figure D-30 i_ElvCor_QF

i_EIvFlg [GLAO06]: Quality indicator for the elevation. One flag per shot; indicates quality based on good vs. bad criteria.

1-bit flags, 40/second.

This flag is relatively undefined.

Byte 1 Byte 2 Byte 3 Byte 4
71 T T T T T Jol7zT T T T T T Jol7] [ol7z1T T T T T T To
40 '30 '38 137 36 135 '34 733732731 T30 290 Tog 27 T26 Tos5 124 T23 T22 T21 T o0 T19 18 117 M6 T 15 714 T13 71211 10 Tog
shots 09-40

Byte 5
71 T T T T T TJo
08 o7 To6 105704 T03 T02 To1
shots 01-08

Figure D-31 i_EIvFig

i_rng_UQF [GLAO06, 11-15]: 40/second Data quality flag for the range increment group; allows 1 bit per measurement;
bit indicates quality based on good vs. bad criteria

Byte 40

Byte 1
[o 7 [6[5[4]3J2]1]Jo
T T T T T T T T

Shot 40

i_TrshRngOff
i_SigBegOff
i_SigEndOff
i_isRngOff
i_siRngOff
i_ldRngOff
i_ocRngOff
i_cntRngOff

Figure D-32 i_rng_UQF
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GLAS Standard Data Products Specification - Level 1 Flag Formats

i_SurfRufQF [GLA06, GLA11-15]:Per-shot data quality flags for the ice sheet and sea ice surface roughness;
indicates quality based on good vs. bad criteria. Bytes 0-39 are ice sheet flags, bytes 40-79 are sea ice flags.

Byte 1 e Byte 20
28 N I N N N A ) 71T T T T T T To
shot4o | shot 39 shot 2 ! shot 1
Ice Sheet Flags
Byte 21 o Byte 40
71 T T T T T To 71 T T T T [ To
shot40 ! shot 39 shot 2 ! shot 1
Sea Ice Flags
Figure D-33 i_SurfRufQF
i_surfType [GLAO5, 06, 12-15]: 40/second Surface Type Flag
Byte 1 Byte 40
7165432 1]o0 765 ]4]3]2]1]o0
T T 1 ‘ T T T T T T T T T T T
Shot 1 Inland Water Shot 40
Glacier
Ice Sheet
Ocean
Sea Ice
Unvegetated Land
Urban

Vegetated Land

Figure D-34 i_surfType

D.6 GLAO7

i_metFlg [GLAO6, 07, 12-15]: Meteorological Data Quality Flag - Flag indicating quality and source of the meteorological data.
One packed byte

Byte 1
71T T T [T T T Jo
met data source |spares | quality
flag

Figure D-35 i_metFlg
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Flag Formats GLAS Standard Data Products Specification - Level

i_1064AttBS_Flag [GLAO07]: 1064 nm Attenuated Backscatter Vertical Profile Flag

| Byte 1 Byte 2 Byte 3 Byte 4
[71 [ T T [olzT T T T T T TolzT T [ T T JTolzT T T T T T To
5 4 T3 T Ty 5 74137217 40 T 39 " 3 ' 37
i1_ir_cal_qf spares i5_ir_bscs_gf spares i5_ir_bscs_uf i40_ir_bscs_gf (shots 40-37)
Byte 5 Byte 6 Byte 7 Byte 8
7z T T T T T TolzT T T T T T TofzT T T T T T TolzT T T T T T To
3 ' 3 | 34 ' 33 32 T 31 ' 3 I 29 28 ' 27 T 26 ' 25 24 T 23 T 22 T 21
i40_ir_bscs_gf (shots 36-21)
Byte 9 Byte 10 Byte 11 Byte 12
71T T T T T T TolzT T T T T T TolzT T T T T T TolzT T T T T T To
20 T 19 T 18 v 17 16 ' 15 T 14 T 13 12 V11T 10 g g ' 7 T 6 T 5
i40_ir_bscs_gf (shots 20-5)
Byte 13 Byte 14 Byte 15 Byte 16
7T T T T T T TolzT T T T T T ToflzT T T T T T TolzT T T T T T TJo
4 T3 T2 Ty 40 "39 T38 T37 36 '35 T34 T33 732 "31 T30 T29 Tog 27 126 T25 Toa 23 T22 P21 20 T19 T4 117
i40_ir_bscs_gf (shots 4-1) i40_ir_bscs_uf (shots 40-17)
Byte 17 [ Byte 18 |
71 T T T T T Tol7z] T T T T T TJof

16 115 '14 "13 T12 11 T10 To9 08 "07 T06 T05 "04 T03 T02 ' 01
i40_ir_bscs_uf (shots 16-1)

Figure D-36 i_1064AttBS_Flag
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GLAS Standard Data Products Specification - Level 1

Flag Formats

i_532AttBS_Flag [GLAO07]: 532 nm Attenuated Backscatter Vertical Profile Flag

i40_g_bscs_uf (shots 16-1)

| Byte 1 Byte 2 Byte 3 Byte 4
T T T T T T TolzT T T T T T TolzT T T T 17 oz T T T T T T To
i_g_cal_qf | ] | 5 4 T 3 T 2 1 5 4 13" 2" 1 40 | 39 ' 38 ' a7
ig cal dnf : i5_g_bscs_df spare i5_g_bscs_uf i40_g_bscs_gf (shots 40-37)
— - l
i1_g_bscs_gf
Byte 5 Byte 6 Byte 7 Byte 8
71 T T T T T Tolz[ T T T T T TolzT T T T T T Tolz1 T T T T T To
36 ' 35 | 34 ' 33 32 | 31 ' 30 29 28 ' 27 ' 26 ' 25 24 1 23 T 22 T 2
i40_g_bscs_gf (shots 36-21)
Byte 9 Byte 10 Byte 11 Byte 12
7T T T T T T  TolzT T T T T T TolzT T T T T T TolzT T T T T T To
20 ' 19 ' 18 | 47 16 ' 15 | 14 | 13 12 T 11 " 10 T 9 g ' 7 ' 6 ' 5
i40_g_bscs_gf (shots 20-5)
Byte 13 Byte 14 Byte 15 Byte 16
7z T T T T T TolzT T T T T T Tolz T T T T T T Tol7zT T T T T T To
4 g T T 40 "39 '38 '37 '36 '35 '34 '33 '32 '31 '30 '29 '28 127 ' 26 '25 ‘24 '23 122 T21 120 T19 T1g8 T 17
i40_g_bscs_gf (shots 4-1) i40_g_bscs_uf (shots 40-17)
Byte 17 Byte 18
71 T T T T T Tolz] 1 [o
16 '15 '14 '13 12 11 "10 '09 '08 T07 06 05 04 "03 02 To1

Figure D-37 i_532AttBS_Flag

i_g_TxNrg_qf [GLA02 & 07]:

532 nm Laser Transmitted Energy Quality Flag

Byte 1 Byte 2 Byte 3 Byte 4
71 1T T T T T TJolz1T T T T T T Tol7zT T T T T T Tol71T T T T T T To
40 39 T 38 T 37 36 | 35 T 34 T 33 32 31 T30 T 29 28 T 27 T 26 T 25
(shots 40 - 25)
Byte 5 Byte 6 Byte 7 Byte 8
71 1] I [0 71 [T 1 [0 171 [T 1 [0 [ 7] I [0
24 23 T 22 T 21 20 19 T T97 16 ' 15 T 14 T 13 12 1 T T o9
(shots 24 - 9)
Byte 9 Byte 10
71 1 | [oT7 T 1] [o
8 T 7 T 6 T 5 T 4 T 3 T 2 1 1
(shots 8 - 1)
Figure D-38 i_g_TxNrg_qgf
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i_ir_TxNrg_qf [GLAO02, 07]: 1064 nm Laser Transmitted Energy Quality Flag

Byte 1 Byte 2 Byte 3 Byte 4
71 T T T T T TJoJzT T T T T T ToJzT T T T T T TolzT T T T T T To
40 T 39 T 38 37 36 | 35 ' 34 ' 33 32 31 30 T 29 28 I 27 T 26 T 25
(shots 40 - 25)
Byte 5 Byte 6 Byte 7 Byte 8
7 ] [0 ]7 [ ] [ T Tol7zT T T T T T JolzT T T T [ T To
24 T 23 T 22 T 21 20 T19 T8 17 16 T 15 T 14 13 12 11 T 10 T 09
(shots 24 - 9)
Byte 9 Byte 10
7 1 [ ] [oJ7zT [ T T T T To
g 7 Te T 5 1T 4 T 3 1T 2 1T
(shots 8- 1)
Figure D-39 i_ir_TxNrg_qf
i_PODPADQF [GLAO07, 09]: PODPAD Quality Flag
Byte 1
T T T T T T TJo
T T T T T T
Figure D-40 i_PODPADQF
i_metFlg [GLAO06, 07, 12-15]: Meteorological Data Quality Flag - Flag indicating quality and source of the meteorological data.
One packed byte
Byte 1
7T T T T T T TJo
met data source |spares | quality
flag
Figure D-41 i_metFlg
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Abbreviations & Acronyms

ATBD Algorithm Theoretical Basis Document

DAAC Distributed Active Archive Center

ECS EOSDIS Core System

EDOS EOS Data and Operations System

EOC EOS Operating Center

EOS NASA Earth Observing System Mission Program

EOSDIS Earth Observing System Data and Information System

ESDIS Earth Science Data and Information System Project

GLAS Geoscience Laser Altimeter System instrument or investigation
GPS Global Positioning System

GSFC Goddard Space Flight Center

ICESat Ice, Cloud, and land Elevation Satellite

ID Identification

IEEE Institute for Electronics and Electrical Engineering

LASER Light Amplification by Stimulated Emission of Radiation

LIDAR Light Detection and Ranging

N/A Not (/) Applicable

NASA National Aeronautics and Space Administration

NOAA National Oceanic and Atmospheric Administration

POD Precision Orbit Determination

SCF Science Computing Facility

TBD to be determined, to be done, or to be developed

UNIX the operating system jointly developed by the AT&T Bell Laboratories and the

University of California-Berkeley System Division

WFF Wallops Flight Facility
November 2000 Page AB-1 Version 3.0
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aggregate

array

file

header

item

label

Level O

Level 1A

Level 1B

Glossary

A collection, assemblage, or grouping of distinct data parts together to make a
whole. It is generally used to indicate the grouping of GLAS data items, arrays,
elements, and EOS parameters into a data record. For example, the collection
of Level 1B EOS Data Parameters gathered to form a one-second Level 1B data
record. It could be used to represent groupings of various GLAS data entities
such as data items aggregated as an array, data items and arrays aggregated
into a GLAS Data Element, GLAS Data Elements aggregated as an EOS Data
Parameter, or EOS Data Parameters aggregated into a Data Product record.

An ordered arrangement of homogenous data items that may either be synchro-
nous or asynchronous. An array of data items usually implies the ability to
access individual data items or members of the array by an index. An array of
GLAS data items might represent the three coordinates of a georeference loca-
tion, a collection of values at a rate, or a collection of values describing an altim-
eter waveform.

A collection of data stored as records and terminated by a physical or logical
end-of-file (EOF) marker. The term usually applies to the collection within a stor-
age device or storage media such as a disk file or a tape file.

A text and/or binary label or information record, record set, or block, prefacing a
data record, record set, or a file. A header usually contains identifying or
descriptive information, and may sometimes be embedded within a record
rather than attached as a prefix.

Specifically, a data item. A discrete, non-decomposable unit of data, usually a
single word or value in a data record, or a single value from a data array. The
representation of a single GLAS data value within a data array or a GLAS Data
Element.

The text and/or binary information records, record set, block, header, or headers
prefacing a data file or linked to a data file sufficient to form a labeled data prod-
uct. A label may consist of a single header as well as multiple headers and
markers depending on the defining authority.

The level designation applied to an EOS data product that consists of raw
instrument data, recorded at the original resolution, in time order, with any dupli-
cate or redundant data packets removed.

The level designation applied to an EOS data product that consists of recon-
structed, unprocessed Level 0 instrument data, recorded at the full resolution
with time referenced data records, in time order. The data are annotated with
ancillary information including radiometric and geometric calibration coeffi-
cients, and georeferencing parameter data (i.e., ephemeris data). The included,
computed coefficients and parameter data have not however been applied to
correct the Level 0 instrument data contents.

The level designation applied to an EOS data product that consists of Level 1A
data that have been radiometrically corrected, processed from raw data into
sensor data units, and have been geolocated according to applied georeferenc-
ing data.

November 2000
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Glossary

Level 2

Level 3

Level 4

metadata

orbit revolution

parameter

pass

product

record

Standard Data

The level designation applied to an EOS data product that consists of derived
geophysical data values, recorded at the same resolution, time order, and geo-
reference location as the Level 1A or Level 1B data.

The level designation applied to an EOS data product that consists of geophysi-
cal data values derived from Level 1 or Level 2 data, recorded at a temporally or
spatially resampled resolution.

The level designation applied to an EOS data product that consists of data from
modeled output or resultant analysis of lower level data that are not directly
derived by the GLAS instrument and supplemental sensors.

The textual information supplied as supplemental, descriptive information to a
data product. It may consist of fixed or variable length records of ASCII data
describing files, records, parameters, elements, items, formats, etc., that may
serve as catalog, data base, keyword/value, header, or label data. This data
may be parsable and searchable by some tool or utility program.

The passage of time and spacecraft travel signifying a complete journey around
a celestial or terrestrial body. For GLAS and the EOS ICESat spacecraft each
orbit revolution count starts at the time when the spacecraft is on the equator
traveling toward the North Pole, continues through the equator crossing as the
spacecraft ground track moves toward the South Pole, and terminates when the
spacecraft has reached the equator moving northward from the South Polar
region.

Specifically, an EOS Data Parameter. This is a defining, controlling, or con-
straining data unit associated with a EOS science community approved algo-
rithm. It is identified by an EOS Parameter Number and Parameter Name. An
EOS Data Parameter within the GLAS Data Product is composed of one or
more GLAS Data Elements.

A sub-segment of an orbit, it may consist of the ascending or descending por-
tion of an orbit (e.g., a descending pass would consist of the ground track seg-
ment beginning with the northernmost point of travel through the following
southernmost point of travel), or the segment above or below the equator (e.g.,
either the northern or southern hemisphere portion of the ground track on any
orbit).

Specifically, the Data Product or the EOS Data Product. This is implicitly the
labeled data product or the data product as produced by software on the DAAC
or SCF. A GLAS data product refers to the data file or record collection either
prefaced with a product label or standard formatted data label or linked to a
product label or standard formatted data label file. Loosely used, it may indicate
the entire set of product files contained in a data repository.

A specific organization or aggregate of data items. It represents the collection of
EOS Data Parameters within a given time interval, such as a one-second data
record. It is the first level decomposition of a product file.

Specifically, a GLAS Standard Data Product. It represents an EOS ICESat/

Product GLAS Data Product produced on the DAAC or on the SCF. It is routinely pro-
duced and is intended to be archived in the EOSDIS data repository for EOS
user community-wide access and retrieval.

variable Usually a reference in a computer program to a storage location.

Version 3.0 Page GL-2 November 2000



	Volume #
	GLAS Standard Data Products Specification - Level 1
	Version 3.0
	Peggy L. Jester/Raytheon ITSS Observational Science Branch Laboratory for Hydrospheric Processes ...
	November 2000


	Foreword
	Table of Contents
	Foreword iii
	Table of Contents v
	List of Figures vii
	List of Tables ix
	Section 1 Introduction
	1.1 Identification of Document 1-1
	1.2 Scope of Document 1-1
	1.3 Purpose and Objectives of Document 1-1
	1.4 Document Organization 1-1
	1.5 Document Status and Schedule 1-1

	Section 2 Related Documentation
	2.1 Parent Documents 2-1
	2.2 Applicable Documents 2-1
	2.3 Information Documents 2-2

	Section 3 Purpose and Description of the Data Products
	3.1 Purpose of the Data Products 3-1
	3.2 Description of the Data Products 3-1

	Section 4 Environment
	4.1 Hardware Characteristics and Limitations 4-1
	4.2 Data Products Medium and Characteristics 4-1
	4.3 Protocol and Conventions 4-1
	4.4 Failure Protection, Detection, and Recovery Features 4-2

	Section 5 Data Flow Characteristics
	5.1 Volume, Size, and Frequency Estimates 5-1
	5.2 Data Transfer and Transmission 5-1
	5.3 Timing and Sequencing Characteristics 5-2
	5.4 Recipients and Utilization 5-2
	5.5 Access 5-2

	Section 6 Data Product Definitions
	6.1 Data Product Structure 6-1
	6.2 Labeling and Identification 6-1
	6.3 Data Product Substructure Descriptions 6-2
	6.4 Detailed Data Descriptions 6-2

	Appendix A Standard Label - Contents & Description
	Appendix B Level 1 Data Product Formats
	B.1 Record Formats B-1

	Appendix C Detailed Data Contents & Description
	C.1 GLA01 C-2
	C.2 GLA02 C-7
	C.3 GLA03 C-14
	C.4 GLA05 C-31
	C.5 GLA06 C-39
	C.6 GLA07 C-45

	Appendix D Flag Formats
	D.1 GLA01 D-1
	D.2 GLA02 D-1
	D.3 GLA03 D-6
	D.4 GLA05 D-7
	D.5 GLA06 D-10
	D.6 GLA07 D-12
	Abbreviations & Acronyms AB-1
	Glossary GL-1


	List of Figures
	List of Tables

	Section 1

	Introduction
	1.1 Identification of Document
	1.2 Scope of Document
	1.3 Purpose and Objectives of Document
	1.4 Document Organization
	1.5 Document Status and Schedule
	1.5.1 Items To Be Resolved
	1) Headers and labels must be defined.

	1.5.2 Document Change History

	Section 2

	Related Documentation
	2.1 Parent Documents
	a) NASA Earth Observing System Geoscience Laser Altimeter System GLAS Science Requirements Docume...
	b) GLAS Science Software Management Plan, Version 3.0, August 1998, NASA Goddard Space Flight Cen...

	2.2 Applicable Documents
	a) Data Production Software, Data Management, and Flight Operations Working Agreement for GLAS, T...
	b) Atmospheric Delay Correction to GLAS Laser Altimeter Ranges, Algorithm Theoretical Basis Docum...
	c) Algorithm Theoretical Basis Document for the GLAS Atmospheric Channel Observations, Version 0 ...
	d) Geoscience Laser Altimeter System: Surface Roughness of Ice Sheets, Algorithm Theoretical Basi...
	e) Determination of Sea Ice Surface Roughness from Laser Altimeter Waveform, Algorithm Theoretica...
	f) Laser Footprint Location and Surface Profiles, Algorithm Theoretical Basis Document, Version 0...
	g) Precision Orbit Determination (POD), Algorithm Theoretical Basis Document, Version 0.1, Decemb...
	h) Precision Attitude Determination (PAD), Algorithm Theoretical Basis Document, December 1996, C...
	i) The Algorithm Theoretical Basis Document for Level 1A Processing, November 1999, Version 0, GS...
	j) GLAS Atmospheric Data Products, Algorithm Theoretical Basis Document, Version 4.0, July 2000, ...

	2.3 Information Documents
	a) NASA Software Documentation Standard Software Engineering Program, NASA, NASA-STD-21000-91, Ju...
	b) The Geoscience Laser Altimetry/Ranging System, IEEE Transactions on Geoscience and Remote Sens...
	c) EOS Altimetry/GLAS Phase-A Study, NASA Goddard Space Flight Center, November 1995.
	d) Memorandum: GLAS Data Products, Center for Space Research, University of Texas at Austin, Dece...
	e) GLAS Science Computing Facility (SCF) Plan, NASA Goddard Space Flight Center, Wallops Flight F...

	Section 3

	Purpose and Description of the Data Products
	3.1 Purpose of the Data Products
	3.2 Description of the Data Products
	Table 3-1 GLAS Level 1 Standard Data Products�
	Figure 3-1 Level 1 Data Products Within the Processing Hierarchy

	Section 4

	Environment
	4.1 Hardware Characteristics and Limitations
	4.2 Data Products Medium and Characteristics
	4.3 Protocol and Conventions
	Figure 4-1 Data Representation

	4.4 Failure Protection, Detection, and Recovery Features
	Section 5

	Data Flow Characteristics
	5.1 Volume, Size, and Frequency Estimates
	Table 5-1 GLAS Level 1 Data Product Daily Storage Burden�

	5.2 Data Transfer and Transmission
	5.3 Timing and Sequencing Characteristics
	5.4 Recipients and Utilization
	5.5 Access
	Section 6

	Data Product Definitions
	6.1 Data Product Structure
	6.2 Labeling and Identification
	Table 6-1 GLAS File Naming Keys �

	6.3 Data Product Substructure Descriptions
	Table 6-2 GLAS Product Format Terms and Explanations

	6.4 Detailed Data Descriptions
	Table 6-3 GLAS Product Description Terms and Explanations
	Appendix A Level 1 Data Products

	Standard Label - Contents & Description

	Appendix B
	Level 1 Data Product Formats
	B.1 Record Formats
	B.1.1 Guidelines
	1) Record size a multiple of 8.
	2) Start elements on a 4 byte boundary; where not possible use pads or group smaller elements tog...
	3) The output structures to build files should be grouped in descending size order, therefore gro...
	4) Data that occurs occasionally in the file should be put in the header. Specifically, data that...
	5) Add spares.

	B.1.2 GLA01
	Table B-1 GLA01 Header Record�
	Table B-2 GLA01 Waveform Long Record�
	Table B-3 GLA01 Waveform Short Record�

	B.1.3 GLA02
	Table B-4 GLA02 Record Format�

	B.1.4 GLA03
	Table B-5 GLA03 Record Format�

	B.1.5 GLA04
	B.1.6 GLA05
	Table B-6 GLA05 Record Format�

	B.1.7 GLA06
	Table B-7 GLA06 Record Format�

	B.1.8 GLA07
	Table B-8 GLA07 Record Format�




	Appendix C Level 1 Data Products
	Detailed Data Contents & Description
	C.1 GLA01
	Table C-1 GLA01: 02/25/2000�

	C.2 GLA02
	Table C-2 GLA02: 09/04/2000 �

	C.3 GLA03
	Table C-3 GLA03 : 01/24/2000�

	C.4 GLA05
	Table C-4 GLA05: 07/10/2000

	C.5 GLA06
	Table C-5 GLA06: 09/06/2000�

	C.6 GLA07
	Table C-6 GLA07: 06/16/2000�


	Appendix D Level 1 Data Products
	Flag Formats
	D.1 GLA01
	Figure D-1 i_DEM_flag

	D.2 GLA02
	Figure D-2 i1_g_lid_qf
	Figure D-3 i1_g_lid_uf
	Figure D-4 i1_g_sat_f
	Figure D-5 i1_ir_lid_qf
	Figure D-6 i1_ir_lid_uf
	Figure D-7 i40_g_lid_ef
	Figure D-8 i40_g_sat_f
	Figure D-9 i5_g_sat_f
	Figure D-10 i_DEM_flag
	Figure D-11 i_g_TxNrg_qf
	Figure D-12 i_ir_IntRet_qf
	Figure D-13 i_ir_TxNrg_qf

	D.3 GLA03
	Figure D-14 i_dlaywf_stat
	Figure D-15 i_FETSbHS_t
	Figure D-16 i_LHtP12_St
	Figure D-17 i_OpSenSt
	Figure D-18 i_otswf_stat
	Figure D-19 i_Register Flags

	D.4 GLA05
	Figure D-20 iBadFrame_flag
	Figure D-21 i_fit_maxiter
	Figure D-22 i_fit_nogo
	Figure D-23 i_obErr
	Figure D-24 i_PODPADQF
	Figure D-25 i_satFlag
	Figure D-26 i_surfType
	Figure D-27 i_WF_qual

	D.5 GLA06
	Figure D-28 i_metFlg
	Figure D-29 i_atmQF
	Figure D-30 i_ElvCor_QF
	Figure D-31 i_ElvFlg
	Figure D-32 i_rng_UQF
	Figure D-33 i_SurfRufQF
	Figure D-34 i_surfType

	D.6 GLA07
	Figure D-35 i_metFlg
	Figure D-36 i_1064AttBS_Flag
	Figure D-37 i_532AttBS_Flag
	Figure D-38 i_g_TxNrg_qf
	Figure D-39 i_ir_TxNrg_qf
	Figure D-40 i_PODPADQF
	Figure D-41 i_metFlg


	Abbreviations & Acronyms
	Glossary



